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ARTICLE I. 

Malhoii of coHslrucling on Iron Bridge, with one arch of tzltw 
sivt spaa. Proposed to be carrietl otitr the Meaai between 
Aiglesea and Catrnartwiihire. B^f Thonas Tblvobb, Et^. 
Gvil EaginetT*. 



THE other deEigi), plale I. i« for tbe narrower strsigtU BriJee 
called Yuys-y-Moch. Here llje siiualwa u parikularly *"" "' 
favourable for coustruciing a Bridge of one arch, aud makiog 
Ihat 5O0 feet span, leaves che navigaiioii as free aa ai pieseat. 
la this I bare made the height lOO feet in the clear at bi^ 
water ^ring-tideK, and I propose ihis bridge to be 40 feet la 
breadth: — eslitnating Irotn drawings, in already describrd, I 
fiiid the expense lu be l2J,i'i\i. or 31,367'. tt»3 )haa the 
fermer.t From leaving the whole chancel unimpeded, ii i» 
ceitainly ibe most perfect schenie of pas^ng the Menai, and it 
would, in my opinion, be attended with iha Isui iDconvaoisnce 
aiul rink, in the execiUit^rt. 

* From Ills R^ort to tlie Lord^ of the Treaiury, April £tt, ISlt. 

t Two desigua ire given in tbe Report ; one for tli« bridge h«re 
dHcribrd, of a&ingleaicb, Bt YnyG-y-Mocb,ab«utBW jarda to tb^Ieft, 
a* aouUi-weitward, of Bagnar Perry, and anottter of live arch«* at 
jtfcvat twice tkat distBOM npoo tlw SwiH^ r^clM, uliuat«il a* t«^«MK 

Vot.XXXV.— No. iCl. B In 
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itloi 



made a drawing to 
centering or frame for an arch of rhis 
riicted ; hiilierlo llie oeiiiehng has 
porta and working from bdow ; but 
from the nature of the bottom of the 
id llie great liac snil rapidity 



rib* carrJFd 



of the (ides, this would be very difficult, if not iin|iraciieable. 
I iherefure propose changing the niodtt, and working entirely 
from above; that is to say, instead of siippotiing, I mean to 
suspend the centering, Eyingpecting the drawing, ihe general 
principle of this will be readily conceived, 

I propose, in ihe /irsl plaee, to build the masonry of the 
abutments m far back as the lines AB, CD, and in the [>ariicu- 
lar manner shewn in the aeciion. 

Having carried up ihe masonry to the level of liic roadway, 
I propose, ujwn the top of each abutmerit, lo construct at 
many frames as there are to be ribs in the centers, and of at 
least an equal bri-adih with the tap of each rib. I'he&e frames 
tobe about' fifty feet liigli above the top of iiie masonry, 
lobe rendered perfectly firm and secure. That this can 
done, is BO evident, I avoid enieriug into details respecting the 
mode. These frames are for the purpose of receiving strong 
blocks, or rollers and chains.aDd to be acted upon by windlasses 
or other powers, 

I next proceed to conslroct the centering itself; i 
posed to be made of deal baulk, and lo consist of four separate 
ribs, each rib consisting of a continuation of limber frames, 
fife feet in widtb across the top and bottom, and varying in 
depth from 25 feel, otar Ihe abutment, to 7 feet 6 inches at 
the middle or crown. Next to the face of the alintment, 1 
set of frames about 50 feet in lengih can, by means of temporary 
scaiFulding and iron chain bars, be readily constructed ; 
fixed upon the masonry offsets of the abutnieni, and to hi 
zonlal iron ties hid into the masonry fur this purpose. A 
of these frames fYour in number) having been fised against 
face of each abutment, they are to be secured logeiher by cr 
and diagonal braces j and there being spaces of only 6 feel 6 
inches left between the libs (of which these frames are 111 
mencemeiit} ihey are to be covered with planking, and . the 
vhole. cooven«i into a plaifurm HO feet by 40, By the natura- 
. . of 



IRON BRIDGES^ 3 

of the framing, and from its being secured by horizontal and 
suspending bars, I presume every person accustomed to praciical 
operations willadmit that these platforms may be rendered per- 
fectly firm and secure.- 

The second portion of the centering frames, having b^en P'^ciiig of tbc 
previously prepared and fitted together in the carpenter's yard, tiont or tb% 
are brought in separate pieces, through passages, purposely left frame* 
open in the masonry, to the before-mentioned platform j they 
are here put together, and each frame raised by the suspending 
cliain-bars and other means, so that the end« which is to be 
joined to the frame already fixed, shall rest upon a small 
moveable carriage : it is then to be pushed forward, perhaps 
upon an iron rail-road, until the strong iron forks which are fixed 
upon its edge, shall fall upon a round iron bar which forms the 
outer edge of the first or abutment frames : when this has been 
done> strong iron bolts are put through eyes in the forks, and 
the aforesaid second portion of frame-work Is sufiered to 
descend to its intended position by means of the suspending 
chain-bars, until it closes with the end of the previously fixed 
frarae,like a rule joint. Admitting the first J'rames were firmly 
fixed, and that the hinge part of this joint is suflSciently strong,- 
and the joint itself about 20 feet deep, I conceive that even 
without the aid of the su<)pending bars, that this second portioii 
of the centering would be supported ; but we will for a moment 
suppose, that it is to be wholly suspended.-— It is known by 
experiments, that a bar of good malleable iron, one inch 
square, will suspend 80,000lbs. and that the powers of suspen- ' 
siou are as the sections -, consequently a bar of H inch square 
will suspend ISO^OOOlbs. but the whole weight of this portion 
of Jib, including the weight of the suspending bar, is only 
about 30,000lbs or one-sixth of the weight that might be 
safely suspended ; and as I propose two suspending chain-bars 
to each portion of rib, if they had the whole to support they 
would only beexertiag about l-l2th o( their power j and con- 
sidering the proportion of the weight which rests upon the 
abutments, they are equal atso to support all the iron-work of 
the bridge, and be still far within their power. 

Having thus provided for the second portions of the center- and^otbers* 
ing a degree of security far beyond what can be required, 
similar operations are carried on fronireach abotment^ until the 

B 2 partt 



parli are joined in ihg middle aud form a compkle centering -, 
aud beiog liiea braced together, and covered wiih planking 
«here oeceisary, ihe; tKcome one general plail'uim or wooden 
bridge on which to Iny the iron-work. 
[ Bpon Ibis It is, I presume, neeJlessto observe, ill nl upon ench a ceoler- 

! iSl^Si's''^ '"8 ^ plaifofo 'he iron-work, which is undetsmod lo ha^e been 
previomly fiited, can be pu[ together wilh the utmost correct- 
ncK and facility ; ihc communicalioni from the chores lo ihe 
centering will be through ilie bclbre-tncntioncd panages left in 



the I 



-nry. 



viU be M 



by 



I an,! The form cf tlie iron-work of the main rib 
"1- llio drawing* to compota a system of iriangli 
"''■ principal points of bearing in the direciion of iliy radiu». It is 
proposed in the breadth of the bridge (i. e. 40 feel) lo Lave g 
ribs, each cast ip 23 pieces, and these connected by a cross- 
grated pble, uearly in the same manner as in the great 
Aqueduct of Pontcysylte over the valley of the Dee, near 
Llangollen -, the A.iaiion of the several ribs in a vertical plane 
appearing (after the abutments) to be the must important object 
10 iron bridgfti, I propose to accomplish this by coveriog lb« 
several paria, as iheyarc prcgtessively fissd, "iih grated « 
reticulated and flanched plates across the top of the ribs. This 
would keep iha topi of the ribs immovable, and convert the 
whole breadth of the bridge into one frame; besides thus 
securing (he lop, I propose abio having cross biaces near the 
boltora of ihe ribs. 
I Cwuidcration The main ribs being thus fixed, covered and connected 
'^pressure. togeUier, the great feature of ihe bridge is counpleied; and as, 
from accurate experiments made and communieaied to me by 
my friend the late William Reynolds, of Crialbrook Dale, it 
requires 4-l8,0CK)lte, lo crush a cube of J inch of cast iron of 
the quality called gun met.il, il is clear, ibaC while the rib; 
are kept in tlieir true position, tlie stiengib provided is more 
than ample. 
'as- When advanced ihus far, I propose (iliongh not to remove! 
i^"an4'Kenc*'*' '" '^^'^ '''* timber centering, by having i be feet of the 
ral advaiitaxea Centering ribs (which are supported by olt-sets in the masonry 
of^w geuer»l ^f ^^ f^,^^ ^f ,1^ abutment) placed upon proper wedges ; 
Iherast of tbeceaterit^ tube eased at the same tiiue by means 
of the chain ban. Thus, the hitherto daogeroua operations of 
striking 




gtrikitig the cenlering, will be rendered gradual, and perfectly 
safe : insomuch, ihet iliis new mode of sitspending the 
cemeiing instead of supporling h from below, may, perhaps, 
bereafier be adopted us an improvement in construciing iron 
bridges, even in phces not circumstanced Ms are the Menai 
Straits. Although the span of the arch is unusually great, yet, 
by using iron as a material, the weight upou ihe centre, when 
compared with targe stone arches, is very small ; taking the 
mere arch stones of the centre aich of Blackfriara bridge at 
136x43x5 equal to 33,340 cubic feet of stone, ilamountsio 
2,236 tons, whereas ibe whole of the iron-work in the main 
* ribs, cross-plates and ties, and grated covering plates, that is to 
say, all that ia lying on the cenierirg at the time it is to be 
eased, weighs only 1 ,791 tons ; it is true, that from the flatness 
of ibe iron arch, if kft unguarded, a great proportion of this 
weight would rest upon (he centering j bti( this is counter' 
balanced by the operation of the iron lies in the abuiraentsi, 
and wholly commanded by the suspending chain-bars. 

When the main iron ribs have been completed, the Dexttlep lutermediat. 
is to proceed with the iron supporters of the roadway ; »nd «npp«rb>r« of J 
I - . , . ■ . , ,- ^ ■ , theroadway ' 

Ibese, instead of being constructed in the form of cirdes, or fVameil irian- 
Ihal of perpendicular pillars, as hitherto, are here a series ofV'^^- 
triangles, thus including Ihe true tire of bearing. These 
triangles are, of course preserved in a vertical plane by cross 
lies and braces: iron bi'arers are supported by itiese Iriaogles, 
and upon the bearers are laid the covering plates under llie road- 
way, which instead of being solid are (in order tn lessen lbs 
weight) proposed to be reticulated. 

If I have throughout this very succinct description, mada 
myself understood, it will I think be admitted, that ihe con- 
fltraciing a single arch across the Menai, is not only a very 
practicable bat a very simple o])erntion { and that it is rendered 
so, chiefly by adopting the mode of working from each abut- 
ment, without at all intc-rfering with the tideway. 
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beginning at 9 A. M. on tlie day indicated in the first cohiron. A dash denotes, that 
^ result is included in the next following observation. 
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REMARKS. 

• Second Month. 24. Hoar frost. About 6, p. m. a very dark 
cloud came over^ lowering with au arched base> as before thun- 
der, and presently discharged a shower of large hail and rain, 
which was accompanied with a cold wind. 25. Fair, a. m. 
wet and windy p. jn. and night. 26. The same. 27. Cirrus, 
cumuluB, and drrostralus' clouds appeared together : much 
wind : about 7, p. m. wind N. W. A bright meteor 'passed 
from the zenith towards the N. declining a little westward^. 
28. Clear morning : wind moderate. 

'Third Month, l.i^oar frost, fair. 2. 3. Light showers. A 
Nimbus appeared S. of the setting sun in the 3d. which went 
away Southward, g. Light showers. 10. a. m. sleet. At 
sunset, a Cumulosiratus, with a snowy appearance : some 
hail-balls in the night. 11. A Nimbus was perceptible by 7, 
a. m. forming in the N. E. There were some heavy (though 
transient) squalls of snow during the day. Abundance of 
srnbw fell, on this and the following nighty to tb<e Southward, 
extending as far as the coast of France. 



RESULTS. 

Prevailing winds Westerly, with a marked interruption by a current 
from the N. E. uccasioiuug snow about the middle of the period. ^ 

Barometer : greatest obiserved height, 30*40 in. ; least S9'69 in. 
Mei&n of the period 30*109 inches. 

Thermometer : greatest height 58° ; least 24* ; 

Mean of the period, 42*50». 

Evaporation 1*97 in. Rain^ &c. 1*46 in. 

L. HOWARD. 
Tottenham, 

Thvd Month, ^b, 1^13. 



muwyrtwrn n^ms. 



Ill- 



able iy TMit Kttwkich, Esq, on the Metwrt tommmi^ taiUi 
Shaoting or Falling 'Stars, in reference to the Letter from 
John Farey, Sen. FoL XXXIV. p. 298. 

THE name of falling-star appears to nie to have bcea 
applied to V ese meteors, in coosequence of their being 
obaerved to de§tend from the place of their' first appearance 
towards the horizon. This is their usual apparent motioo> the 
exceptionsj found in large meteors, traversing a great extent of 
horizontal space, may poshibly admit of an explaimtion which 
abould reduce the whole to the class of falling bodies, or of 
projectiles analcsgous to the sky-rocket 3 not that I suppose aojr 
con^ider<ible proportion of them to reach the earth in a state of 
aggregation^ but rather that they are commonly dissipated in the 
lower atmosphere. 

.My ebservations on these phenomena have not hitherto bad 
the advantage of previous concert with another observer at a 
distance : but> such as they are, they tend unequivocally to the 
conclusion, that igneous meteors in general belong to our own 
atmosphere $ and come under the class of effects which we call 
electrical. Should John Parey, Senior B. Bevan, be willing to 
ftvour us, and the public, with the detail of their observations 
ttiade in eoncert on meteors, they may be gratified in turn widi 
the reasons on which this conclusion is founded. 

L. HOWARD. 

Tottenham, 
Fourth MmUh 10> 1813. 



Remarks 



CaHPUTATTONS OP Z. COLBVRH. 



SetartTh and Elucidations nf the Methods o/* Compulation used 
by the AmeTican Boy, Zerah CoUuth. In a LstttT from 



To Mr. Nicholson. 



T 



H£ commanicBlionBof the Pliiloinphical Jouraiil show, on rumericd 
that many personi have not a notion of any fixed role by conijjinaiioni, 
which the cslcolaling boy conducts his ainihmeiical operarions. [^^g iiprf.irm- 
But I cannot Bct.'edo lo the tjpiDion of iliose genliemen wbo«J byZ, Col- 
8Upi>oae thai the process is unknown to the most intelligent <X 
our great malhematicians. Il is probably comprehended by 
them all j though an explanaiion of it has not yet been pre- 
BBtiled to the public. The learned and scif iilific camiol devote 
their days to the developement of subjects merely curious, 
and not possessing any claim to uiiliiy. Thcirpnr'uitsare 
directed #0 obi ects of more importance; and the computing 
boy had tiot to apprehend, that any celebrated malhemaiician 
would take the trouble to invalidate his pretensions to a rule, 
diaiinguishcd ouly by a novelty of application, but having no 
gt«Bt noielty of character, and no character of utility. The 
humility of my talents excluding me frn^ii all avocations of 
real eoHsequetice, I shall endeavour to explain those namerical 
operatiojis whidi have failed to excite the invest igaiiona of the 
more capable and proficient. 

Every one will readily concede to tlio young calcolalor hia 
just portion of merit. The mental qualities essential to a good 
memoty were native and hia own j his origirtal faculties of 
comprehtnsion may have been uncommonly vigorous and 
acote-j and the distinguishing habits of his infancy may have 
Tcflected indications of an tntelleci peculiarly susceptible of 
that mechanical intelligence, which has been communicated to 
hitn at this early period of life. The leading facilities to esira- 
ordinary attainments, were, perhaps, sponianeonsly exhibited ; 
and the lingular liirectlon thai has been given to hts juvenile 
BiudieSj evinces the confidence whicb was enterlaineJ of his 

iQtel> 



fO COMPUTATIONS OF Z. COLBUEN. 

On nnmcriral intelk^clual competency to execute the instructions of his 

computations, j^jq^ 

particularly 

tlm>e pctform- It will be proper to separate the consideration of the boy 

r* ^y 5^. '-^ol- frQjn (jjg examination of his stndies ; and J shall hope, that a 
concise inquiry into these uill not be erroneously denominated 
a personal severity agninst fhc stndenf. 

The attention of the infant mind is invariably excited by 
sensible object* around it.' Any thing 'hat pleases the eye, or 
that delights the ear, may engage the spontaneous preference 
of a child ; and the feelings having been once peculiarly 
roused by a favourite object, the momentary charm may ripen 
into a |)erinanent attachment, and all the faculties of the 
understanding become gradually absorbed by the contemplation 
of that object alone. In the property of numbers there is^Kit 
any thing which can appeal to the untutored senses. Ewerj 
thing is recondite and imperceptible^ Numbers are tbemselvca 
artificial, the slow production of very great men, who had 
real occasion for extensive and intricate combinations. It vai 
a conviction of their utility that stimulated Genius to invent 
them } and not any quality in themselves to allure and gratify 
the senses. The first contemplation of numbers is unpleasant 
and irksome ; and much laborious application is necessary to 
produce even an idea of those latent properties which render 
them so eminently useful. All the qualities of numbers aris 
precisely the reverse of those whicQ are known to operate 
attractively on the infant mind ; and the statement is not cre- 
dible, that the young calculator has derived his modes of conv- 
j)utation from the unassisted efforts of his native faculties. 
He has certainly been assiduously instructed in the limited use 
of figures'} and his whole knowledge of them is probably 
derived from that instruction. In the supposed methods of 
calculation, there will be found very little of the ingenious or 
the novel ; but there is ingenuity and novelty in exhibiting their 
tHTects to the world as the natural fruits of ungrafted genius, 
or the voluntary attainments of an^ uneducated child. To 
estimate the following explanations, it will be requisite to bear 
in recollection a few relative circumstances j viz. that in the 
science of analysis, every operation seems difiScult and com- 
plex till maturely comprehended 5 and that the demonstration 

of 



COMPCTATIONS OF Z. COLBXTRN. 1 1 

of a theorem has more the appearance of intricacy than the On- nnmeticil 
rule resulting from it will be found to possess in practice. partfailarty*' 

The modes of multiplying four figures by four, and of ex- thoseper/orin* 
tracting the square and cube" roots, are all of them founded ^^^[^^ Z.C0I- 
opon the principles of involution and evolution ) and by these 
shall my proceedings be governed. In what way the factors 
are discovered^ which enter T!jto the composition of a large 
numerical quantify, and by what rule prime numbers are as- 
certained, I shall not pretend to examine. Upon this subject, 
and indeed upon all others Connected with the more important 
properties of numbers, much valuable instruction may be ob- 
tained from the elaborate elements of the ingenious Mr. Bar- 
low. 

To square 7^54 by the common rule, without recording the 
several operations, wjuld require a memory more perfect than 
the human faculties are generally thought capable of attaining; 
although, by a poculiar discipline from infancy, the memory is 
capable of being improved to a degree of extraordinary reten- 
tion. The calculating boy is a surprising evidence of this 
fact } and it becomes a reasonable purpose to search for those 
expedients which can lead his effurts with most ease to the 
accomplishment of his daily exhibitions. Even with the as- 
sistance of all artificial aids, his occupations demand a very 
cultivated and retentive mepiory ; but, as some fixed rules are 
positively used by every calculator, whose results are uniformly 
correct, we have only to discover those which have the fairest 
character of simplicity, and consider rhem as his guides. 

To establish the, probability, that the subsequent methods of 
calculation resemble those which have been prescribed to the 
computing boy, I shall mention a few peculiarities that cha- 
racterize the operalibns. The young calculator can evolve the 
cube root of twelve figures, where only four of them are 
made known ; he can detect an imperfect cube, and tell ilie 
nearest root to t he quantity given. These three singularities 
belong to the following l^iles. The multiplicatiou'i of four 
numbers into each oth r, and the extraction of the square 
and cube roots are conducted upon principles exactly similar, 
which similarity diminishes the application requisite to under- 
stand them, and imposes upon the memory less efiforts of ret^- 

tlveness. 



1 2 COUTXrrXTlOSB 09 «. COLBUftV. 

oil iratiMHtftl tireneil than if fht priqcipleB were enentiaUj dtfimot hi «11 

J^JJgJJljJJ*'' the varioui operations. 

those p«tform- The flame letters shall be used in all the caKcnkitioBS, Ibat 

H by z. C&i- iije sitnilarity of these roayr be^vndered more perceptible ; hkI 
I shall, therefore, in multiplyiog ftior figures bf foiir^ eanplojf 
only a single set. Those who wish to pursue tbe method teoie 
in detailvcan readily change fiie letters of one line, muJi fay 
that manner anive at the desired fariation of the mie* 

7654 mnltiplied by 7^54 s 56,563,71^- 
Produce the squarB of 4 nc 1 { 6 

Add twice 5x4 • 40 

411 
The square of 5 25] 

29 
Twice 6X4 48 

"IF 

Twice 7x4 5^ 

63 
Twice6x5 60 

1213 

The square of 6 d6{ 

48 
Twice7x5 70 

1118 
Twice7x6 M| 

9 

Tbe square of 7 49 

56,583^716. 



Anoiher 
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Jnother Method, 

Produce76^x4 SOOQ 

.Ada76x5,. 381 

Double this sum 41060 

Add the square of 4 l6 

square of 5. ........ . 25 

square of 6 . . J • , . . . 36 

■ I m i 

11.83716 

Twice 7x6 8,4 

Square of 7 ^ 



eil lir 2. C(^ 
bttm. .. . 



58-583716 

As far as the functions of the memory are regarded, the 
Advantages of the rules exhibited will be obvious without 
nniob explanation. Ttiere need be only two lines of two 
figure* produced and added together in any one term. The 
rigtltohand Bonberi daabedofiv constitute the quantity required, 
and the proper disposal of the successive additions will become 
perfectly easy by a very little practice. Let m represent 7, 
n6,p 5, and q 4 ; connectedly with their local values ; then 
m-^n-^p-^q multiplied by m-^n+p^g, will produce 
•t^-fra m »-ha »i p^-w'-f 2 n p-f 2 m g+2 n q^p*^2p q-^q^ 
Tbeiefose the square of W'¥n'¥p-¥q, or of 7654, ia as follows : 

ni» = 49000000' 

2«Wf 8400 000 

2mp 700000 

y? a6oooo 

2 wp . , . . . . 60 000 

2mq 56*000 

* 2nq 4-8bQ 

p* 2-500 

2p« .. .„ ,. 40O 

q^ 16 

48,583,746 



14 COMPTTTATIONS Of Z. COLBUEV. 

* 

On iNHiierieal An illustration is here afforded of the combinattoni by whtcb 
•JJJJ^JjJ""*'' the product arises trom two quautities ranltiplied into etch 
tk«ie perfbrm- other ; and a familiar acquaintance with the preceding rules 
ed by Z. Col- ^jji ,-gn^gf jjjg gj^traction of the square root c proceit -of easy 
attainment. 

To find the square root of 58-58*37l6 

Deduct the square of the first root 7 = 49 

95 
Deduct twice 7x6=84; and 

6«=3,6— say 87 



8 
Deduct twice 76 X 5, say 1 5 X 5 ... . 75 

5 

Again, the same divisor, 15x4 5,0 

. ,A8 the last root is known to be a 4 or a 6, it must obviously 
be 4, which gives the nearest product to the quantity waoled. 
If the second 8 had been operated upon, the 4 would have 
been produced correctly : but, to shorten the calcolatioQty thia 
nicety may be omitted. 
The more full explanation is the following : 

1. Deduct the square of the first root, 7* 

2. Multiply twice the first root by the number, whidi will 
bring the product nearest to the term brought down $ aqiHin 
also the assumed number; subtract the two somslfromtba 
dividend. The new quotient, 6, will be the second root.* 

3. Then twice the first and second roots (placed ioibeir 
local order thus 76) must be multiplied by xhe uumt)er UuK 
will raise them nearest to the remainder of the last dividend, 
considered in its local value. 'This new factor, 5, will be tba 
third root. * 

4. Again, twice the first and second roots, 76, moltiplied by 
the number, which will produce a quantity iiearest to thereouiin* 
ing dividend, will shew the fourth root, 4. 

It is only in the operation, where the second root is found, 
that any nicety is required. The multiplier (of twice the fint 
root) may occasionally be assiuned an unit too moch | but the 

cnW/ 



error, whenever it can happen, becomes immediBtely obvious ; On ntein^^ajiV 
and, by taking the relative quotient a single unit less; than the p^'JJP^^^^^^^^ 
fallacious roul tip] ier, the second root will be always obtained tiiosc jicrfbriiW 
correctJy. This incident may unfiequently retard the calcula- f ^ ^* ^^ 
tion for a moment j but ought never to defeat the accuracy of 
the final result. 

Example, 

Square 5905'92'25 

Deduct square of the first root 7 4p 



100 



Twice the first root, 7 x 6 = 84 

Square of 0-36 87 



13 
Twice the first and second roots ?6 X 8* 

say 15 X 8 12 



5 must be the fourth roo^^ without any trial, 7035 is therefore 
found to be the root of the given square. In the second opera- 
tion twice 7 will go 7 times in 100, which is the case of nicety 
idluded to ; but it must be instantly perceived that tlie square 
of 7 added to 98 would raise the sum too high for the dividend 
of 100 ; therefore, the next lower digit is adopted j and the 
verf first substitute will always be right, as the same divisor is 
employed in the third ^nd fourth operations (where both are 
tiecebsary) the work is completed with expedition and accuracy. 






Practical 



CQIINfMlliAtiQQa, 

pirtwiilaffly The sqciaie of m+n-^p ^q,at 7654, is 56*9&'97'l(l 

Jte^'oSr »*•«<*«* *9 

Deduct 2 1» n -f n* ... 876 

82 
Dedact 2 (m-l-A) ^ ... 76 

637 
Deduqt 2 (m +») ^ - - - - 6O8 

The root is already foand ; but lo prof» 

correctnes9>,dedact jb^ . . - - • 25 



416 
Dedact2p^ 400 

16 
Deduct 9* 16 

The iovolujtioa and evolution of similar uumbers have only 
thiat difft^rence ; ooe process consists of re[peated muUipUcaiions^ 
and additions ; the other chie% of multiplicatioBS and subtrac* 
tions. One extends the length of a chain, bj adding link to 
link in prd^essive order \ the other dimini&bes the kn^^H, 
detaching link from link by retrocessive redactions* 

To eitiaet the cube root d' ^ •* 448'399r769ra64 
Deduct ibe etibe of Ihe fifst root 7 * a4a 

J 105 

Deduct 3 times 7' ^aj 15 and 3 times, 

7 x>6 say 1,2— say 16 X 6. * * ^ • g6 

9 

Deduct 1,2 (already found) x,5— j60and 

the cube of ,6 say ,2 ----- - ,8 



8,2 
Deduct 16 (alrvady found) k,5 - • - BO 



Tlw 



r 
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The unit figure of the cuhe being valued by inipection, the fin numerical 
root U already found to be 7654. panC^ ' ■ 

Explanation lat. Use only ihree figurRS of the cube ; often i!io«f pcrfbnn- 
iwo will be suffieiem. The fitsi rooi is known by inspeciioti, ^'^^^ 2- Cot- 
atid subtract lis cnbe from tlie lel'i-hiiud period. 

2d, Then Ihe second ront is tu be a&sunie^l an correctly as the 
judgmcnl can guess, taking il rather above than below the real 
value ; precision is not required, and very little ptactice wi)l 
make this pari of the process quite easy. Multiply the nssumed 
ligure by the first root i add ihe product to ibe square nf the 
iirst root ; and three times this last sum must b- mtilti|ilied by 
tbe number that will bring it nearest to the remaltiing dividcnil. 
This last tactof will be the second riiot. 

3d. Deduct three limes the product of the first and aecond 
roolB multiplied by nu assuoied figure that you may conceive to 
be the next root wanted j and deduct also the cube of the 
lecond root. In t\m si.ige, the divisor, which has been used id 
the second operation (there found to be l6) will give the third 
foot correctly. 

The fourth root is known by inspection. The cube of tbe 
lecond root may be neglected in most ca^te* ; and always when 
the root is below 6 ; only the left-hand figure of the cube ia 
required. 

After a little exercise, all tbe divisors are readily found ^ 
because each of them haa been obtained in the second opera- 
tion, and there becomes known. The chief difficulty atiend> 
Ifae explanation, to render the process intelligible. 
IHastraiian of ihe rule. 
ipube of m+B+p+s-or of 7654 = 446 3997S2-264 
Deduct m' 343 



Deducts (m'+ntn) a 
Deduct 3 n n p and »' 



8793 
Deducts (m'+Hin) p ... - 79BO 

813 7fi2-ai54 
V«t.XXXV,— No. 161. C Th. 



COUPtTTATIONS OF Z. COLBtlBX. 

il The root 7654 h already found, ai the fourth root is 

' ' by iQBpection ; but, to [irove correclneu, 

I- Deduct a m*7 - - 588 

6mnq - - J008 
3«'p - - - 54-0 
3 mp"* - - - 525 
6mpq - - - 8-4 
3 n»9 - - - 4-32 
■imq^ - - - -336 
3 n p' - - - 4-500 
6npq - - '720 
p3 - - - - I2S 



is kDOWp I 

I 



3p'f 
37,9' 
3 Pi' 



30 



- — 813 762-2G4 

It will be perceived lliat, in mahiplying four figurei b; four, 
and in estracting roois, iha rules are derived from i lie same 
property of nombersj and any person, who can accomplish 
the tirst operation, may be (lualified in a day to effect the oilier 

I am inclined to believe, that the preceding methods are 
employed by the calculating boy ; and that be has allaioed 
them exclusively from the laborious and instractiip atteuliooi 

of a preceptor. To learn, aiid to apply them, does not require 
faculiies more intelligent ihflu those which are eshibiied by 
other children in the kingdom. The combination of words, ia 
the most simple language, is lifty times more complex ^aod so 
il the modulation of varied tones, which express the several 
ftelingB ; yet these things are mechanical j and every child 
attains ihetn by observation and practice, without knowing ibe 
scienlitic tales by which his expressions are regulated. If th» 
proper instruction is early communicated to the jnfaul mind, 
the use of figures may be gradually rendered as familiar as the 
letters of the alphabet, or tlie words of a vocabulary, 

I conclude, agreeably to my preceding sentiments, that the 

capabiliiies of the calculating boy are not the indigenous shoots 

of uninnoculated geuius, but the slowly matured fruits of 

iaittuc{ioii 




fokMation of seeds. 



iDstroction fuiI prescribed habits of 

of them is, however, novel aad Interesting, 

chiJd. 
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London, 
April lAtk, 1813. 



On (At Formalioniif the Scedi of Plants, and otkiT Objectt, rela- 
tive to Ikeir Structure. In a Letter from Mrs. husKi 
Ibcetson. 



To Mr. Nicholson. 



SIB, 



I HAVE now to announce one of ihe grealest discoveries I Discoverj- an- 
haw) yet made in Ph/iology i one, likely also to appro si- "'""'"' ' 
male \a so nearly hj ilie true di-liiieaiion of ihe general forma- 
tion of llie vegetable world, as at last (I flatier myself) to leave 
no doabt in the mhidH of the most incredulous j for, in this 
case, lo look Is tojiad, and those who will labour with me, by 
pursuing ihe same path, and dissecting the same specimens, will 
receive the same gralificaLion, in the conviction of flicse im- 
poriant truilis. Tiiey require only habit, good eyes, and imlru- 
menli, to bfhokl them, and some alility in dissecting, (o be 
talisfied of the reality of all 1 have shewn. To prove ibe his- 
tory of boiany, by moans of dissection, is, indeed, an iir.portant 
and diffii:ull process ; as it is only by degrees the whole can be 

developed; many mistakes will inevitably occur. But, if ihe _ ,, 

; , , . ^ , . , , , , . General fiuiB- 

general foundation of the arraogemeni is hut acknowledged lo datious. 
be just and true, weshail afterwards, by dissection, easily manage 
the minor parts : finisbiog i hem alternately in a more perfect 
style, till the whole forms one grand display of nature, orga- 
nized by the power divine, and shewing (/iicriinina/ioiij and cu/j- 
tisteniies, which hii arrangements alone can plan ; Itis wisdom 
aloae caa produce. It is to this exactitude of delineation I 
[i' trusted i I was well assured, thai if I tiiftiafEi^ noi from what 
C3 



dissection presenled to me, neither exaggerating, nor adHing ef 
myotcnj 1 might with pcrtect tecarily de|>et)d, thai c'/ would 
> agree at laat ) all assimilate together, and form one grand pC' 
ture, 'Mlonishing ss beauliful. 

Tliis last discovery, from linking all the diviMon«, perfect! 

tlie foundation ; ami ibortgh. in tome few parts, il may, si firU, 

appear rat lier complicated, yet, in the general review, there i> 

a beautiful :iimplicity, that makes all plain and easy to be 

understood. 

J^ii""in u" "'' "^^^ discovery I have to announce, ii the formation of Beeda 

root. in the root ; for it is a certain truth, that, from ilie wheal to the 

cedar, from the moss to ihe largest forest tree, all plants forni 

their seeds in ihe root only. When i say the seed, I mean 

only that esjential drop ubich joins to the vital siring, and 

forms the essence of the seed ; and afterwards composes the 

chief part of the coTcalum. Almost Ihirieen years of the most 

intense application, devoted to the dissection of plants, most 

have given me some insight iolo iheir formation ; especially as 

1 have made it a rule never to terminate with a plant, till 1 hare 

exposed every part (every different vessel) lo examination, in 

the solar or double compound microscope, And yet one matter 

has all that time puzzled me in such a manner, that but for the 

ITirough her- regular gradation by which I have been led up to it, through 

plaDts. tliB herbaceous plants, t should, neatr proliably , have been able 

to sohje the mystery. The finding these balls in the alburnum 

Vessels now and then, and their complete disappearance, as soon 

• ds t began generally to seek them, convinced me that it was a 

disorder or a criptogamia, But, when dissecting herbaceous 

roots, 1 found ^o'jieri as well as seeds in them ; and that the 

pollen was not arranged in their cases, or even made into balls, 

Difncnlly of ''" '' arrived at ihe lop of the plant. 1 then began lo conjee- 

noderatanclmg (ure, whether the seeds also might not be formed separate, and 

the albumutB. ^ ^^^ ^^^^ j^^,,^ j j^^j ^^ ^f,^^ ^^^^^ j^^ ^^^ albnrnom, filed on 

longitudinal vessels. But I was still resolved, not even to hint 
at the fact, till I had watched two or three seasons to asceriHin 
it, and to prevent the possibility of mistake : this 1 h3«ce now 
done, and can ann<iunce the discovery with Ihe most perfect 
conviction. Theflnw of ih,e sap in the alburnum vessels, brings 
the seeds twice each year, at the barking time, from the root ; 
(for this il the leason in which the new row of wood ii formed,) 




Mid tbai ibe bark retires back for ilie purpose, ai I showed in a 
(fiTratt letter. Wbetber ihe bark h pushed back by ihe violence 
or the rising sap, (which 1 am inclined toihinh,) or that i I 
relirea b^k of itself, ihe effect h niIII ihe lame. I'be sap riaes 
between the two cylinders of (be wuod and baik, but I must 
observCj thvt this proceed is wliolly separate from the usual &ayr 
of (he tap io the wood, and belongs to ihe athirnum vessels 
only- The liquid is not wholly ^oiej vessels, composed of a 
narrow- twisted band, produce ihe fjtlerioi of the cylinder and 
this is the cause of the various changes observed in the ajipear- 
ance of tlie aifurnuif) ; sometlinss it looks lik<^ tiles laid on 
each other; socnetimes liku a twisted vessel, laid aliuosi flat j 
but each varying form is owing to the pressure nf the sap on ibe 
divided foldings of this curled ribbon. It must he remembered, 
that it is 3 vessel wiihin a vacancy : therefore, the itap is doubly 
lecure: but this very circumstance causes the jelly-like matter 
lo assume folds and creases, dillicull to understand, till ihe cause 
is known. When the sap has, in its liquid slate, depohiied all the 
seed?, and lodged ihem in the buds, then by degrres having 
cleared Itself of them, it coagulates, and becomes a jelly. In 
this state it remains all the winter, and when the spring arrives, 
•aaA the bark begins lo reiire, the bud of the preceding year 
completes itself, by forming its calyx and flower stalk, which it 
never does till the seeds have entered rhe corolla. Cut before 
the flower developes, another process lakes plore, which I 
nnighl also announce as a lale discovery, having only hinted at 
it before. It is the producing the pollen. When the cnrolla Tj^g forming 
ii in its cradle, the c.ises of the stamen are there, but no pollrn. Hn' poller 
The powder of ibe males is formed by some mixture, which 
requires the dews to perfect it, some liquid from above, which 
is deposited on the top of the plant, conveyed into the interior 
by the bairs, and thus comnn^iiicaied to the higher juices. Take 
a branch of any tree, before it flnwers, when the buds are still 
at the bottom of tlie peduncle, and cui open Ilic whole, dividing 
it down ihe middle, and a yellow matter will be found at the 
top of the woo<l, wl)ere the pllh slops, whose tainted appearance 
indicalejsonieihingextraordinaty i place a very ihin slice of 
this in llic solar microscope, and the yellow mailer will be dis- 
covered lo be the pollen, prolrudlng in a diminct manner : nor 
.is ihii all i the flowers, nfier being aggregated, begin lo divide, 

then 
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tlieo llie pollen is seen ' separating, nnd running llirough the 

pilh into each flower, and Ihua aiiiiining iho »taineo, as the 

seeds do through the alburnum ; bin ilie filling the stamen cases 

BoUiKFds is always the last piocess. ITiusboih setdsand poiteii are formed 

■adpnllcii out of their cases, and j^el they will all riiie together lo the deve- 

ttdr caws. " lopement of the flower, with the Bami.- admirable precision. It 

is only watching year after year, and continual dissections, that 

could have ihua by degrees enabled me to discover every part of 

this complicated foTmalian, but the many thousands of plants ! 

have investigated this year only, and the eiceiistve labour I have 

gone through, did, perhaps, merit some rccompeiice, and I ana 

most thoroughly repaid by the certainly of the acknowledged 

fact. 

In trees I have not yet been able to trace the seeds lower 
than in tlie root, and not, as in betbaceoos plants, in the strings. 
I showed it) a former letter, that in ihe imder pari of the root of 
trees, a tjuantity of alburnum was laid up for future nourish- 
ment i but the seeds are fuund in one line only of this matter. 
I have never yet been able to trace iiiem in the top root ; in- 
deed, if ever foond there, it is difficult Id catch the proper mo- 
ment of seeing them ; because, when, the sap is quite liquid, it 
escapes, et)d the seeds with it, and it is only when it begins to 
forri) a jelly round the remaining seeds, that ihty cao be tho- 
roughly discerned and exatnined. Bur, in herbaceous plants, 
indeed in all that rise each year from the earth, the seeds are to 
be found at most times, and exhibit ihemselves iu so very con- 
spicuous a manner, that no person who will seek them cao 
doubt their ideotity. 

In order perfectly to explain the process, (ibougli I cannot 
do it without some repetitious recounted in former letters,) yet 
I will venture, for the I hornugh elucidation of the whole, to 
givea complete history of the formation and progress of a tree 
for one year, and as in this rcsjjeet lliere are but two sorts of 
growth, the stem that does not lie down in the winter, and the 
stem that does ; and that the former embraces trees, shrubs, and 
semi-shrubs ; and the laiier, all plants that rise each year from 
llie earth. By giving the life of a tree for one year, and that of 
an herbaceous plant for the same time, I shall show, in a small 
corapaiB, the whole progress of botanical vegetation. The first 
piocesB in 3 tree is the fornnation of the fiower bud od the line 

of 
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•f life. The vital part of a tree is that cylinder of vestels, 

which Jies between the wosd and the pilb. This is ibe most The line of Irfe 

important set of vesseb in a plant, is ibat which in the alburnum f''i^"""t""- 

■^ , r ' , ,, , portiint vessel, 

ties the 9eed« together, and whtcli former auihors nave called 
by (he name of (he impregnating duct, when appearing in 
Ihe seed. It is always the source from which proceeds every 
important part of a plant, seeds, luds, and radicles. When (he 
flower is tirst engendered next the pith, it n by means of a knot 
on this line, nearest to where It is to appear on (he stem. A 
quantity ofajburnurn is tben formed round it, the knot is 
broken, a bud shoots at each end, and the wood is prepared 
from withiu the plant, far the exit of ihe buds, by raising some 
vessels, and depressing others, and ibug farming a covered way 
in the wood, through which they pass across this apparently Bnda passing 
hard and close mailer, till they reach the cradle, alieady formed Jj'^jf'' ""* 
in the bark for their reception, being that screw before de- 
Bcribed. It is scarcely possible to conceive a more beautiful and 
wonderful process, ot one more easily cowpreh ended. It re- 
quires oniystrippingoff the rind and bark from any branch of a 
tree, from Fehrnary to May, and loads of buds will present 
ibemselves. How it could escape the observation of botanists 
to ibis time, appears to me to bi> an enigma. When all this is 
completed, and the bud is lodged in (he screw, it there remains 
till the general flow of the sap brings with it ihe seeds, when it 
has in its liquid state deposited tliem in the various buds, then 
by degrees, having cleared itself of them, it coagulates, and be- 
comes a jelly. In this state it remains all the winter, and when RemainB all 
spring approaches, the flowers, wliich were now aggr^ated and i''t wiintr. 
en masse, separate, and each forms ila calyx and flower stalk. 
which it never does, till the seeds have entered the corolla. 
When the flower has expanded, ihe liquid in the line of life 
dilates, and fills both nectaries, and rises each day, at the Fiiliui; the 
greatest heat, to the top of the pistil, and descends again within "^ 
Ihe tube, when the cold riturns, till the pollen is ripe. At last 
jbe pistil receives the powder, and its juice dissolves it, carrying 
Ihe mixed liquid down the cylinder to the heart of each seed, 
through that very pipe by which the seeds were lied in the 
alburnum. The seed, or rather that drop of jelly that has pro- 
ceeded from the root, that clear and vital drop, which, with the 
»lting, forms the life of Ibe seed, is now in its first and original 
i.. state; 
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Mate ; but no teoner do i he juict'^ of the stimeo nnct pistil MeW 
snd touch ihi» vessel, than ihe cmculum begins to grow. Mid 
its pTogten fi^m that moment m rapid, I'he next proccis it tta« 
flowingof the juices of the nectary, which form various tempo- 
rary veiEeU, rnniiing into the seed, while they Mill continue 
joined to ihe flowers ; but, at soon as divided from it, the nou- 
rishing veasels, aires ly thoroughly filled, cntLT the seeds from 
the bflilc, and form, with a pan of the interior before conipo«od, 
a milk to support ibe young plani. Then the cotyledonea 
begin to grow j but, so fer are ihey from being capable of 
affording alimeat to the embtyo, ih.it they themselves requii* 
more nutrition than any oihtT part of the phut i nor would 
tbey, in case ol bratowing nutriment, fail to decresse, as the 
•poi in the heed does, whirh, from yielding so much matter, be- 
cotneB a circular vacani'y ; whereas, the cotyletlone* are pecn- 
liarly plotnp and thick to ibe last moment. But it is certainly 
• mistake to suppose they nouritih the embryo, for as long as the 
«ced delera opening, ( oil account of cold, or any other cause), 
the cotyledones iucrfsi^e in iiumber ; in a walnut I have found 
from lliree lu nine, and tlicugh, becnose lying in a case, in 
which tbe two projecting ones alohe can appear, it has beetl 
thought to haie only two, yet if the box is opened, many more 
may be seen ai'oi bed to it. and growing from it. No one 
conld admire Jcssien's plan more than myself; it had, indeed, 
but one fault, — tlie not being true. When the cotyledones are 
completed, the embryo strong and firm, and the heart tlio- 
looghly arranged, the radicle, or ratber the root, begins to 
grow, but not till after the seed is again placed in the ground. 
Tbl> addition, by overfilling the seed, quickly bursts it at the 
top, and the root shoots out, turning downwards, endeavours to 
reach the earth, which it quickly does ; while the embryo 
coming forth at the same place in the peed, rises into a stalk, 
PortnatiDDDf and developes its leaves j then the flower bud of Ihe next year 
begins again to form on the line of life, and when the flow of 
the sap has taken place, Icx^^ the seeds in the new buds, 
where ihey will remain the winter, and the flowers of the pre- 
sent year have expanded ; the stem begins to prepare for the 
abool of the next year, bv the formation of those screws in 
which the buds of the ensuing season take refuge, and remain 
tbeir allotted time, each in its cradle. Tbe screw forms one shoot 
betwiicQ 
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between bud and bud, for thpy draw oul betveen cacb,1ikefl 
telescope, aBd itiuFi complete by degrees ibeir pieparalion i^r 
the followiag year. The screw appears lobe that species of 
forcnxlion which Nature adopts on every impotUnt occasion, 
M iela, an I shall show when delineating ibe herbnceous plants. 
I have now de^iicted the whole dissection of plains, that do not 
lie down io the wnier ; I shall next explain the foimatioa of 
those which do, and which rise each year from the earth. They F„r,nBiion of 
are so dififerent from Tree*, that nature appears to have formed thr fawtia- 
Ihem in a cunlrary mould ; since the laitoratory of trees is at "^""^ ''''^"^ 
the bottom of the flower stalk, but in herbaceous plants at the 
lower part ol the root. Here not only seeds, but flowers also, are 
composed, and every decoclion necessary la their production. 
As the corolla and slamen ca'ies ari.' both formed of the wood, 
no other juices being approximaled sufficiently for the purpose. 
The calyx and peduncle are not made till the flower reaches the 
screw or asilla of the leaves, where the juiL-es of the inner bark 
can attain them, to produce thi' green part of the fluwer, and the 
pollen is formed by theatlditiun of tbe dew, as in trees. If a 
plant is taken, when only six or eight inches high, (luppo^e one 
of the peiiiandiia digynia tribe), if cut thelengrh of the Mem and 
root, the flowers will be found mounting in lar;je noi^d veaseJs, 
formed tor the purpose, and passing ihiough the micldle of the 
root, and on both liides of the stem, and tbetefore easily dis< 
linguished, while the seeds coming even from the stringy roots. Siring roan 
aiid thence entering the alburpum vessels, (which run ihrough '""'""''■" 
riie root in various directions,) thus mount to the stem, while 
the flower has, in the mean lime, ascended the plant, formed its 
calyx and stalk, and has only to tun up the peiluncle, to com- 
plete ill formation. 1 know no plant tbit so admirably shows ,j- jriim 
the seed arranging in theseed vessels, as the arum. If the plant iiTaiieiug the 
is divided longitudinally, root and stem, a very thin slice, and *''^'"' 
' cut exactiv even, placed in the solar microscope, and the flower* 
' already aggregated, the see. Is. will be aren mounting the al- 
burnum, and arranging themselves one by one in ihe cases, and 
if quite Jresh, they will continue to do so for nearly an hool 
after tbey are dug up and dissected j and it is cerlainly a most 
beautiful subject for the solar microscope. But what may be 
said to complete and perfect the discovery of the seeds, is the 
dissecLiou of the wheat ; which not only Ibrmt the vital part of 

Ibe 
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the seed Id ihe root, but llie whole of H ; so that the heart cu 
be taken out :irid examined, and of coDrie no penon, who 

und rsiands tlie dissection, cita doobt its identity. 
Diffeimre of With rcspect to the flow of the sap in (he albarnnm veitels, 
^fl.m ot'th^ j, ij „m reg„ia[. gg ;„ ,^55, . bat rises at different times, accord- 
ing to the length of period, or nitmt>er of months ihe plant 
remaim in dtislence : in some vegetables three rows of albur- 
num nre discovered, in others only two; but in general there 
is, I believe, very little division between them, and the tlaw is 
pretty constant, and mostly brings the seeds with it ; and tbey 
are to be found at all times. The alburnum appeari to be 
formed In the same manner as in trees, by a twisted or curled 
ribbon, whii;h nins up in a vacancy ; but its wood is very 
ditferent, being extremely loose and weak, and very little 
stroller than in its first slnte of alburnum, and therefore very 
watery; and it differs also from trees in another parlicolar, 
its sap-vessels being real cylinders, and not vacancies. They 
Iiiflercnt alSD vary In the place in whii.^ ih*ir spiral vessels mount in the 
place oi ilic jfgp, — inlreesthey are found in the last few rows of the tap 
vacancies, besides that which forms the wood. But in herba- 
ceous plants they are discovered next the bark ; and it was th'ti 
very circumstance ibai persuaded me, (in the first years of study,) 
that they might be the returning vessels for the sap, as in all 
iwiningplanis, andherhac;ous also, thereis a set of cylinders 
, (perfectly white) which run next the albornum, and might 

well deceive in this respect : but when I came to liiiSFct them, 
(which 1 did in innumerable plants) I found that they were 
all spirals confined in their cases ; but when taken to pieces, 
and greatly magnified, easily seen to be snch. Perhaps cutting 
a pentandria digynia plant, in an almost decayed stale, shews 
them better (Imu any other, because they are then divested of 
the bark which surrounding, conceals them ; and when the 
rind is taken off, and ihe cases severed, ihey remain ijulie e»- ' 
,tpIi''Brance posed. In all these plants they turn round each leaf repeatedly. 
ot ilicjpirL,!*. J, „„u]d .,ppe„ a, jf jj „aj ,0 ggj^ for i|,era that space neces- 
lary to make the spirals act well, by having a greaic^^ Hhtinee 
oj wire to Lonlrccl rmduilale in. In the plants just mentioned 
they form a sort of tashH-utork at tlie top of each leaf, which 
appearii to give gieal strength to the leaf-stalk in moving (o and 
fto. 

As 
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As specitneos of the herbaceous root* are too large, and thai Vnrinin «i 
Bit would hardly be possible lo give Ihem wilbin the prescribed ""j™"' ' 
I for J prints in this Journal. I shall present a drawing of 
i wood vessel fig. 1, aud an alburiiam ve^el with F, a closed 
lelig. 2, instead, to show how the fiowers andsecds pass up 
ni>e herbaceous plants from the root. So very rjuick is>4ie 
e of die buds np the wood cylinder, formed for the pur- 
■"pose, that if it is cut horiznnrally, nnd left tor nn hour or two, 
'the flowers wiil peep up above the wood vessels, and form n 
kind of nosegay or Sower pot. It has always a spiral twisted 
up in ibe interior of the vessel apparently to keep it open, and 
prevent its pressing on (he Uowers within. As to ibe roots of 
herbaceous plants, it is impossible not to be struck with the 
astonishing difference between them and that part in trees, Stc. 
The beautiful mechanism of the yorwfr is io atlmiral-U. that 
Ibe mind finds it difficult, at first, lo understand and discrinii- 
nale the particular parts, and it is only by cornparing them with 
other sorts of roots, that I learned, al last, to comprehEiid the 
whole arrangement. The root is evidently j!ie laboratory of I'lir rnnt 
these plants, in which every difiereni ingredient is composed ||,,j,,iroo 
and concocted ; and instead of tlic sament^rs and simple rcgula- planl'- 
riiy of Ibe root of trees, shrubs, fee. flowers, seeds and spiral 
wire appear all in their allotted places; and though annuals 
and herbaceous planis differ, yet ii is too little lo mnWit 
worthy discrimination, in so i%/i( a stf/c4 as this; nor does 
the bulb vary enough to particularize it, except to menlion, 
that unlike the annuals, &c. the flowers mount in one or two 
cylinders only, instead of a circular row of wood vessels, T 
^fcave described the formation of the plants that rise eiiili ; and 
nhsU finish my letter by adding a few miscellaneous facts that 
increase the clearness of the general picture. 

I have also another discovery to make, which overcomes the Vnratipit 
many difficuliies which have appeared, such not only lo other '""'"'i^' 
Phytulc^ists, but myself also : I have said ihat when in trtea, 
&c. the sap is cleared from ihe seeds in ihe aUiuinmn vessels, it 
becomes a jelly, and then wood bj- the insertion of the different 
vessels, elongated from Ihe neighbouring wood which also 
inlroduces the spiral wire. In every direction, to form the sap 
!s. Dr. Smith observes, in his excellent trealiw on 
utany, that if wood is taken to pieces thread from thread, no 

sap 
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up vesaeli will be diacovered, I used to ibink it was becauie 
nliiiders wi;re so Siiied j as in botany sinall vends a) n 
a)«-!iv« 'urrouiid \he large ones : but I was mistaken ; I , 
VacMcirs now solved ibe mjrslerj- ; ihey are vacancies nol vessels } 
TCBSeb. ' ''"" '" '''*' "^^'"* *''y in t^*^'' horizoQlal l.iyer of wood, 
sap holes are worked back wiib spiral wire, just like a boi 
hole, lu prevent the ialetferer.ee of any part of the ne 
threads filling up ihe aperures inleiidud fur ilie curreni of 
This will alio eviilemly shew Ihnt now they ate knowo, they 
too plainly marked, and too exactly delincLited not to strike ibe 
eye, if, therefore, there wne any in the bark, ihal part could 
nor be dissecicd (in the maimer 1 have done it, veisel from 
No reliiriring vessi-l) without iheir being perceived. But there certainly are 
iaiiit bark. "" reluming dap vessels or vacancies in ilie bark ; in abowirig 
which tree* beM exemplify the seeds coming from the root, 
should have mentioned (he ^f* ; parliculaily llie larcb, wLi 
tBo adininibly ilislinguishes the completion of both seedt 
pollen ; for a* ihey are both formed out of their cases, and 
the mtile and femali.- floweri are separate, the esseuce of llw 
seed isin the beaulltul red flower seen to coagiilale at ilscom- 
meDceinent, whiJo the emply seed vessels are all arfartged in 
their proper places, -at a vessel projecting {See Fig. 6 ee,) te 
receive the seeds, which soon begin" to mount, a 
a week, (if in increasing ripe flowers are taken) wili be foui 
at lait, all to have arranged themselves in the seed 
accordiiig to the mrinner appropriated to the plai 
the coaguhied iiuanlily beliiw will almost all havt 
peared, and if the male flower is taken, the pollen 
found in the same manner to dave collected from <he niiddleof 
the stem, and arranged itself at the bottom of the flower, and 
will he all carried up, no( OS in lae si'eds through a vessel like 
the allmrnum, hut through ihe middle of the flower, to 
filameo cases, which jliey enter. Both these processes an 
plf.in, so easily ncen, (now liiey are pointed out) that every 
may behold them, with do very powerful luagoilier, if lli^. 
will cut Ihe flower* ihrougb the middle, then take off an even 
slice i and the pollen and needs being divided, makes it fw 
more clear and absolute. 1 promised al>o to slii 
lOcrew which in hcttiaceous plants preiciila the roots which SFS' 
permanent, from being hurt by the settling of the water 
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the hollow of (he stems. It is at once a most beautiful con- 
Irlvance, and an admirable piece of mechanisiu, without whkh 
the roots would be rained before ihe return of the following 
spring: The stem, when deca)ed, appears like a double cane, 
iVom the bark and pirh having all melted away between each ; 
these art- often {illed wilb water which, without tbu precaution 
of the screw, would spiead the rot to the middle of the root ; it 
is B double screw, one wiihin the other, which finiBhes at the 
beginning of the rool, aiiH ihoroughly protects it from rot and 
nioisture, it break»> away when the new shoDt is going Co com- 
mence, which never begins at die «ame place. 
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AGNES IBBETSON. 



Fig-l 



- Plate II. A wood vessel taken from an herbaceous 
plant, hhewiiig ihe fiowera asihey pass op toiiie topof the plant : 
AA the spiral which keeps the plant distended, that pressure 
may not hurt the Sowers in the interior. 

Fig. 2. An alburnum vessel ; the same in both treei and 
kerbaL-eous plaols, cotiveyiflg the seeds fi-om the rOol to ibe lop 



fibrous stems which hear the flov 

into which they enier, lodging them 
BB The seed are always arranged on 
the different seed vessf-ls ; but in far 
iver come to maturity. F Tlie albutnuca 



of the plant 
in their aggregate si; 
in each separaie flow 
the line as lliey are 
greater i]uanlities ih; 
vessel closed. 

Fig. 3. A double 
the herbaceous 
destroyed. 

Fig. 4. The female flowcT of ihe larch ; showing the manner 
in which, after mounting the alburnum vessels, ihe seeds are coi> 
tecled at the bottom of thin part, and then dividing, and running 
again into the alburnum, mount to each separate bud and these 
enter the seed vessel. Fig. 6. One seed. 

Fig. 5. Manner in which the seeds cuter the seed vessels i« 
Ihe arum, CC seed vesseU DD seeds. 



/ which separates the old stem from 
:, prevents the latter from beiug decayed and 
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VI. 



A Memoir upon the LAmits of Comhustibiliiy of Gaseous ./n- 
flammable Mixtures diminishing in Density, and vpoh the 
Colours of the Electrical Spark in different Mediums, by 
M. Grotthusb.* 

RareficJ gases TTN ihe ninth volume of Gehlen'a Journal, I shewed how 
not com usti- Jj^ much the influence of the pressure . of the ahr is of 
importance in the combustion of bodies^ particularly with re-^ 
gard to the gaseous 4nixture8i I proved, that at the height of 
about 35,000 feet, all combustion in the atmosphere must 
cease. From my experiments of that time it may be con- 
cluded, that the combustibility of a gas> comports itself as the 
degree of dilatation at which it ceases to be inflammable* If 
we lay down this principle for measuring the combustion of 
inflammable gaseous mixtures, we shall find anomalies which 
are interesting, but difficult to be explained. 
Kemarkable ^I- ^t is generally admitted, that most combustible bodies are 

difference be- more easily inflamed at the ordinary pressure of the atmos- 

tw66ii the 

combustibility pbere in oximuriatic gas, than in oxigen gas. The oximariadc' 

of expanded gas produces a sudden inflammation by siro]>le contact of 

oxinuiriatic ^ phosphorus with different metals, and with certain gases ; an 

fias and those inflammation which does not take place with oxigen gas, ex- 

9 oxigen. ^^p^ when it has obtained a n\aximum of compression, which 

may happen, as I have shewn, from the united action of ex^' 

pansion and resistance. A mixture of oximuriatic gas and 

hydrogen gas inflames, by a slight heat externally applied, even 

by the solar rays ; and from this fact it was to be presumed^ 

that a gas so easily inflammable, would require a much more 

considerable dilatation to deprive it of the property of inflaming^' 

than the denotating gas, composed of two measures of hydn> 

gen, and one of oxigen, gas. This would be a consequence^ 

however, which is contradicted by the following fact. 

The foimer ^^^* ^ fHHt^ a tube, (of which the internal part of its upper 

* From a Translation of Vogel of the original Schweiggcr's Che- 
mitral Journal; lit. 219* 

extremity 
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estretoity was defended by a loelallic cylinder) to oDe-si&tli of tlioDgb mos 

ils capacity of equal paru of oxiinuriatic and hydrogen gas. ^"2'™"'^ 
Tbe tube was inverted in a bason, and filled lo one-sixtb of diiy <lopi-ivi 
water deprived of air. Tlie smallest electric spark inflamed p^J|'"f,^'* 
this gas with such violence, that several lubes were reduced lo panaiuo. 
powder, i repeated the experiment in a stronger lube i and, 
after having placed ihe apparatus under the receiver of aa air 
pump, r exhausted the air, till the gas occupied nearly ibe 
whole of the lube, that is to say, a space six times greater ibao 

The electric spark w.is then passed through it, and I saw ils 
•ourse, but It was not passible lo inflame this dilated gas. 
After having restored the ordinary pressure of the attnosphere, 
a slight diminution of volume was observed, which indicated 
the slow formation of water. There was, tieverihetess, enougb 
of the undecomposed oximLtrialic gas to be inflamed by the 
electric fluid. I could not exactly determine by this roeaas 
Ihe degree of dilatation at which a mixture of these two gasei 
loses the faculty of inflaming, because the receiver was not 
hermetically closed. But I perfectly accomplished the inten- 
tion of this experiment, namely, lo prove that this very io- 
flamuiable gaseous mixture loses ils faculty of burning at a 
much less degree of dilatation than a mixture of oxigen and 
hydrogen gas, which docs not cease lo be liiflammable, until , 

dilated more than sixteen limes ils primitive volume. 

May not the cause of ihis anomaly consist in the circtitn- SprculatiM 
stance that, in the oximuriatic acid the oxigen is in a more con- ■>" tliccaiw 
crete state, and, consequently, contains less caloric than oxigen 
gas does ; so that, when at a certain dilalation. some of the 
parts of the oxigen of tlie oximuriatic gas are applied to a part 
of the hydrogen, the heat developed is not sofficieni toeffectthe 
continuation of union in the two principles of ihe rest of 

IV. We have here an additional proof that the varied pressure DcduciioDi 
of the atmosphere remarkably changes the eflecis of chemical 
affinity. The inflammable property of hydrogen gas, and of 
all the combustible bodieu, would certainly be unknown at a 
■uitably diminished pressure of Ihe air i and we may suppose, 
on the contrary, that many bodies would appear to us very in^- 
flamniable, at a pressure of from -two to ten limes as great. The 
- nitrous 
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phmpbonted hydrogen gta. 

Well-coadocMd espdifoenti of Um« kind | 

aSbrd malt* of grni ioterr^ to Kience. 
Bur^iiMbi' V, IfMead of larefyux the useooi miirares by a 
•anw r€er.t ai air-pomp, I BiadeBse of beaL 

■Jiaiiiiiibcil 

ptuMJC. EiperiwuiilM. 

The rabe w» filled with mercaiy, and InTcrted in s b 
die Mine (uetal. I poMed op one toch of detoostiog gw. n 
pMcd of two parti of axnroon air, imd one of ptoe bfti 
B/ meam of a Rwveablc ipirit lamp, 1 ba 
of ibelDbe antil tbe gas occupied foot itntei 
A> the gaKf were iwt previoutly dried, tbey n 
tained much mobiuie, wbich faroon tbe dtlatatioa i 
witboat tbe presence of water, so great a diliUiioo caald n 
perhaps, have been effected at ibat leirperaltir«. 
paMed electric >paik» fcom tbe coodnctoT of the machiite, mi M 
bj leaden f iali ol' middling ftize, without ever tucceediog la 
Mlting fire to tbe dilated gas. As soon ai the gaseoai miilBre 
began to cool, and the tpace it occopied oo Itmgcr exceeded 
three times ita original volume, it took fire bf a weak ^ 
and it was easf to obterve, that tbe infiamtnalioa was p 
tionedto the density of the gas, 

B)» continuing lo cause the electric fluid lo act Upon the" 
dibied gas to 3 paint which rendered the subsequeiU inbaw 
Toation imposiible, 1 had farther occaiioo to observe a q^tiet 
cotnpositioo of water. 
Ftane spplipd VI. In order to determine bow the detonating acid, iothl|4 
iostradofelec- ,taie of dijaialioo, woold comport itself at ihe approach of af 
ligtiied taper, I filled a lube toone-fourih, which i healed* 
3& lo caute all (he mercury to descend, and part of the gas be- 
gan to escape from the tube. At this moment 1 approached 
a lighied taper, but it did not lake fire. J left the tube in the 
mercury, and after cooling, 1 closed the lower orifice with mfJ 
finger, ihea loverled the lube, and thegas look fire with exptahl 
(ion, on the approach of a lighied candle. 

This eiperimeni beemi to prove, that caloric cannot I 
udered otherwise than ai ao indirect catue of eiplcsia 
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ils eXpaOBive force it would, no donbt, oppose (he union of 
hydrogen ind oxigen, an insurmonnlable Impedinient, if ihe 
resislance of the alinosphere did nol exercise a reaction which, 
tinder cectaiQ circumstances, becomes a maximum of comprea- 

7. All the*e facta, joined with those of my former Memoir, General thco- 
may establish the fuilowiog theorem : '^""' 

Hydrogen gas In the atraospliere, under a pressure of funr or 
five limes that of the ordinary slate of the lower air, is not 
capable 6f being set on fire by the electric spark, nor by a 
lighted candle, whether ihal dilatation be owing lu a diminished 
pressure, or a rnoi'e elevated temperatuie, 

I lake the extreme limit of dilalatron here bs it wai ob- Ttie limili of 
served in my experiments with hydrogen gas and common air. ili'at»tion will 
But there Is nu doiibl that the iwe gsses. If mixed in a proper- piDpuriiun of 
lion less favourable to combustion (as for example, tivo or tompon^ut 
ihree pans ot hydrogen lo one of air) would not require so 
great a dilatation to deprive tliem of the faculty of inflamma- 
tion. Hence it may happen, that at the bottom of the salt 
Riines of Cracovia, or at Amsterdam, or any other low town, 
tt might be found, that a gaseous mimure might be itifl.tiiimflble, 
which would not be so at a more elevated town, such as Quito, 
In South America. Tliis would depend on the proportion in 
which ihe hydrogen might be mixed with the atmospheric 
air. 

_-' B. Tarioos phenomena may be, without difKcully, explained Explanation 
B><totn this theory, of which I shall give a few examples. [)* " 'J'^'j'^';' 

A great number of combustihle bodies inflnme on passing iiine, 
!n [lie state of oxide into Ihe oxymuriatic gas. Much more 
would it, therefore, follow, that (he oxymurialic gas would be 
decomposed by charcoal at an elevated temperatui^. Never- 
(heleas, M. Th' nard and Giiy Lnssac have lately discovered, 
Tbni oxymuriaiic gas may be passed through ignited charcoal 
without the gas being decomposed. 

Interesting and ijisiruciive as this expeTiment may be in Oxymur. gia 
itstif, as lo its exjilanaion, I dn n'K accede lo the opfnion of "J""' "''*'"' 
these cbeini-iis on that head. Ac^'ording to liieir reasoning, lighted ctiar- 
the oxymuiiiitic gas is decomposed only when it meets with. ""'- 
hydrogen or water teady formed. For my part, I am per- 
■Qaded, that the presence of waiet is an indispensable condi- 
Voi. XXXV.— No. lej. D lion 
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(ion ta ever}' chemical action*. We must recollect, that water ] 
is priraent in tlie oxyni aria tic as wtll a» in everp oiber gat f 
and, by i"be eipetimecta of Priesiley, Kirwau, Beribolle^ 1 

Criiickiihank, Sic. it is put beyond doubi, that charcoal, heated J 
33 long as possible, contains slill a quanlit)' of hydrogen, of I 
which the decomposition ouglit lo follow ; and, as it does not, 7 



ther( 



wflficier 



Difference be- 



g. I will examine this subject ralber more fully. I think J 
^' the true cau^ of Iho nun-decotnposition lies in the great diia- 
Caiion to which the oxymuriatic gas is subjected by the heated i 
cbsrcoal. In ihls case it coniporls itself like the hydrogen io I 
my first experiment. At a certain degree of expans 
can no longer be decomposed. Neither do I doubt, as ; 
sequence of what has preceded, that osigen gas can freel/ i 
pass through ignited charcoal, provided that degree of dilatation j 
be acquired, which may be considered as the limit of combiu- 1 
lion of this gas, whether that degree be produced by an elevated ] 
temperature, or by any other circumstance. 

10. Another well-known phenomenon, not sufficiently es- 
f" t*"f ""^ ^^' P'^'"'^''' ^* prevented by hydrogen gas, which, notwithstanding 1 
nitctlbodyand its greEitcoiubuaiibilily, does D0[ take fire by an igniied body, 
flame. though il does by flame. The following Qtservations, compared J 

with our theory, may, perhaps, throw soraelighi upon the subject, _ 
When a well-ignited piece of charcoal is taken up with a wire, 
and the linger is brought within au inch of it, the heat il 1 
scarcely to be borne i but we can easily hold the finger at half I 
that distance from s lighted candle, without perceiving any { 
sensible heat. 

— e it appean, that flame insulates the heat it derivei ', 

xp Boa on. £^Qjjj jjig burning wick, or that it i» carried upwards by the 

■ See ray Memoir m ttie Anaales de CLimie, vol. LXll, tbe wo^ j 

nf Scticdc, edited by Uermbstadt, p.aa ;and Mrs. Fulliam^ Eisay o^ ] 

Combos tioo, London, 17U4.— G. 

To tlie above note M.Vogel adds; 

M.Riihlaiid, of the Academy of Munich, nho is at th 
Parin, has published au iuterestiDg Memoir iu tlie Cliemiral Jaurnul of 
Scbweiggor, on llie necessary presence and Gxstion of water doling 
Itie act of combustion. He has shewn, that a great naiuber oi 
buslible boilies eaunol burn in well diied air, and thnt water ii 
much concerned in the anion of oxigen witlt tbeui. 
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flame. I suspect tliat tiie ignjletj body, before it loucbca ilie 
ibydrogeD, dilates it slowly witliin ibe sphere of its aciiviiy, so 
o render it incapable cf lakliig fire, whereas llie flame 
'U no action till it touches the gas. At this moment the 
dilates itself suddenly, and with violeciee, at the part in 
actj am) by that means produces, in the parts .idjacent, 
compression which determines ihc combustion. This 
explanalion is also confirmed by the following fricls : I could 
fire to hydrogen gas contained in a narrow tube, which 
I gradually and vertically brought near the upper eiLtremity of 
a hghted taper. lo this case the gas is dilated in the game 
manner as by an ignited boJy. 

Since in all these experimeni 
jallributed in part lo ihe vapour of wal 
irom ihe gases, I was desirous of asc 
jrery expansible fluids, such as alcohol 
^the degree of dilaiation, which may be 



the dilatation must be Waleris of 
, which is inseparable firtatimpor- 
ainiitg whether other 

Id change al» wi"i a'co- 



Tri- 



isidered .as the liii 



hoi. 



lenis I made 
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of the combustion of hydrogen gas. The experimenii 
subject led lo olhcr results. 
The lube, capped with a mcLiUic cylinder, as before described, 
was filled with mercury and a drop of alcobol, I then paased 
to half the metallic cylinder a mixture of two partj air and one 
Jiydrogen. The drop of alcohol w.is, therefore, l^twceo the 
^ses and the mercury. I then heated [he lube till the alcohol 
began to be converted into vapour. 

It was in vain that I attempted to inflame the gas dilated to Expinnon 
four times its original volume, by the electric spark of an inch wiihvappurof 
length. T obtained the same result with the vapor of ether, vrnts cambun 
and consequently (be limit of inflammability depends solely on tion. 

degree of dilatation. When the lube was quite cold, the 

gBsoccupieda larger volume than before, and it was not pos' 

fire to it by the slrongest electric spark, though it 

Will burned with a blue weak flame by the contact of a lighted 

Hence I concluded, that the alcoholic vapor was Je- j),^ alcoliolic 
composed; that its elements bad united with the detonating «^por dccom- 
air to form ao ox icarbu retted hydrogen gas, which is very vaii- [',"j*,.._ '' * *"* 
able ia the proportions of its compouents. I was more 
confirmed in this opinion by the sudden expansion I had re- 
marked ia gas charged with alcohol by means of the electric 
■park. 

D2 13. 
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Repetition of 12. In order to ascertain more clearly the natareof the gas, 

lariaOoIisr^** ^ ^"^^ ^^® *"^ ^^^^ mercury, and then introduced a drop of 
alcohol. I heated the alcohol till ths mercury had descended 
one inch helow the metallic cylinder, which served to conduct 
the electric spark. I brought this small apparatus near the 
conductor of the electric machine, and passed several hundred 
electric sparks through it, at the same time that I was careful 
to keep up the dilatation by heating the tube from time to time. 
The electric light, under these circumstances, shewed a beauti- 
ful green colour, and formed a torrent of celadon green light, 
which bad a beautiful effect in the dark. 

Dcconipos. of While the tube becanoe cold, the alcoholic vapor was COQ- 

tol b" dectri- ^^"^ *"*° ^ ^^*" stratum of liquid, which, by the rise of th« 
city. mercury, approached the metallic cylinder. At the moment the 

stratum of alcohol touched the metallic .cylinder, a decompo- 
sition of the alcohol, in the liquid state, commenced. The 
surface ofjObe mercury then became covered with bobbles 
scarcely yimhe, which were firom time to time inflamed by the 
electric sp^s, and formed in the middle of the liquid small 
brilliant points, resembling the flame of phosphorus. It ap- 
pears that alcohol is slowly decomposed in oxigen^ and in in- 
flammable OS. The alcohol in vapor is still more rapidly de« 
^ composed j out the product is an uniform gas, composed of 

oxigen, hydrogen, and carbon. By a quarter of an hour's elec- 
tric action, I obtained half an inch of this gas, which is car- 
bonated hydrogen^ as I have proved by experiment. 

I could not decompose the vapor of water in so short a time 
by means of the electric spark. It appears that water is* more 
difficult of decomposition, or that its elements reunite slowly 
after their separation to recompose water. 

Green colour ,3 The beautiful celadon green, which the electric spark 
or the electric . . *■' = 

■park in vapor assumes in the vapor of alcohol, induced me to examine seve- 

•f alcohol. ral other bodies in the state of jgas. According to Priesttey, 

the electric spark is of a purple red id hydrogen g^s ; but as 

it takes this tint in every other dilated gas, (as, for exaniple, in 

air dilated by the air-pump,) we might, ' in the former c^i^ 

attribute the colour to the rarity of the hydrogen. *^e natcUle^ 

of the electric fluid must nevertheless have some influence on 

the colour of the electric spark ; for the spark appears red fit 

ammoniacal gas, and in phosphorated hydrogen, though thoiie 

flaids 
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fluids are much denser than hydrogen gas. It is possible that The colonr 
the conducting power as to electricity, which must be peculiar {J^n^g^Jlj ^^e 
to each gas, may be concjerned in this effect 5 and Priestley sup- conducting 
poses, not, perhaps, without reason, that the red colour may be P"^^' °^ ^*** 
an indication that the electricity is transmitted with diffi- "* 
Culty. 

In the vapor of boiling water the electric spark is of an in steam the 
orange yellow, and in dried carbonic gas, as well as in oxigen spark U yel- 
gas, I have always seen it of a very beautiful violet. 

In order to dry these gases as much as possible, I have left 
them to remain over pure lime a little heated, which absorbed 
the water of the carbonic acid until it was saturated. 

We see, therefore, in these experiments, the electric lighc ap- AUtheprisma. 
pears with, the colours of the solar spectrum red, orange, gg^n j^ ^n^^. 
^reen, blue, and sometimes violet, a phenomenon which agrees rent sparks, 
with the observations of Hitter. This philosopher applied the 
positive pole of the pile to his eye, while he brought his hand 
into contact with the negative pole, and he observed that ob- 
jects then appeared to him brighter and bluish ; but, on the Voltaic specu- 
contrary, when he applied the negative pole to his eye, objects lotion?, 
became deeper aild of a reddish colour. (See Gilbert's An- 
nals, VII, p. 447.) When the carbonates dissolved in water, 
or even pure water, is exposed to the current of the voltaic 
pile, a decomposition takes place ; the carbonic acid, or the 
pure oxigen is separated by the positive pole, and it is precisely 
in these two gases that the electric spark appears blue ; but it 
appears red in hydrogen gas, phosphorated hydrogen, ammo- 
nia, sulphurated hydrogen, and probably in all the gases which 
are disengaged at the negative pole*. 

14. In atmospheric air, which I had compressed by a co- Electric spark 
lumn of two feet of mercury, I caused the electric spark to ^"^^^^^^ *? 
pass. The spark was brighter, but not coloured. It is weaker air. 
in hydrogen and in rarified air. From these observations^ I 
think it may be concluded, that the intensity of the electric 

• From some experiments, not yet sufficiently repeated, I think there 
is reason to conclude, that Uie colour of the electric spark is governed 
by the refracting power of tlie medium upon light; that at the maxi- 
mum the colour is red, and at the minimutn violet. Note of M. 
Vchweigger. 

light 
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Polar or vol- 
taic electricity 
of extensive 
influence t 
throtighou 
nature. 



light 18 always directly as the density of thegas^ and inversely 
as its conducting power for electricity. 

We might conclude, a priori, that the light ought to appear 
stronger, the greater the resistance to be overconne, and that 
for this reason it is brighter in carbonic acid gas and oxigen gas, 
when dried, which have a more considerable specific gravity' 
than hydrogen and atmospheric air. . • 

If we compare these observations on the colour of the elec- 
tric spark in different mediums with the remarks of Ritter, and 
the experiments of Rochon, Herschel, and Leslie, on the power 
which generates heat, and with the interesting results of 
Scheele upon the reduction of the simple rays of the prismatic 
solar spectrum \ if we consider, in the next place, the relation 
between these phenomena and those of the galvanic battery, 
we shall have reason to conclude, that the time has arrived 
when the polar or galvanic electricity ought to be recognized 
as the principal agent in all chemical phenomena. Analytical 
researches of this description are calculated to throw great 
light upon every department of philosophical knowledge. 



VII. 



Stibiate of 
potash. 



An explanaiory Statement of the Notions or Principles upon 
which the systematic Arrangement is founded, which was 
adopted as the Basis of an Essay on Chemical Nomenclature, 
By Professor Bebzblius. 

{Continued from p. 3ig, Vol XXXIV.) 

THE manner of obtaining this salt is to bum one part of 
antimony in powder, with six p. of nitre in a crucible, 
and give the greatest heat it can support without fusion. It 
is then to be rec^uced to powder, and washed with cold water 
as long as the water extracts either alkali or nitrate of potash. 
The water at last leaves a powder of an acrid and slightly me- 
tallic taste, very little soluble in cold water ; but boiling water 
dissolves a large part of it if exposed to its action for some 
hours. The liquid, if filtered while still hot, throws dow^ 
nothing by cooling. When evaporated to the consistence of 

syrup 
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Rjrup, it deposits a crnst of white powder, granulated asifStibiate of 

tending to cryslaljize, and very light. If the evaporation P "'*'''■ 
be coTiiinued to the coDMstenceofboney, the mass congenia du- 
ring the refrigeration, presenting a white semi transparent pliable 
emst. When evaporated to dryness, it afFotJs a white man 
like enamel, brittle, and cracked in every direction. The neutral 
Btibiaa kalicm is difficultly soluble in cold water, but is perfectly 
soluble in boiling water, without afTording any deposition du- 
ring I he cooling. When dried at the temperature of +1CM'' 
(212° Fah,) and afterwards exposed lo the tire, it looses its 
water of crystallization to the amount of 1 \i per cent, of its 
weight. Five grammes of siibias kalicus, previously ignited, - 
being treated u'ilh nitric acid, were decomposed without the 
smallest disengagement of carbonic acid. As it is very difficult 
to separate the potash completely, I digested the insoluble 
part with new portions of acid until no more potash was by 
this means extracted. By this means I obtained 2256 grnina 
of nitrate of potash, which contain lt)4 grs. of pure fmtash. 
The stibic acid, being healed to redness, left 3*6cj grs. of white 
oxide, equal to 3*96 p. of acid deprived of walef. The itibias 
kalicus is therefore composed of 

Stibic acid 79-2 100 

, Potash 20-8 26 

► 100 p- of stibic acid contain 2"-3 p. of oiigen ; and 263 p. 
' of potash contain 4''I71 or 4-47 \ K 6=26' &2G. It appears, 
therefore, that the stibic acid combines with aquantity of bflsse, 
which contains one-sixth as much osigen as the acid itself, be- 
cause we have found the same in the combination of the acid 
with water. If we compute the quantity of water found in 
the dry siibiate of potash, it wiU ba seen that it contains nearly 
three times as much oxigen as potash > and it would l>ecoma 
accurately so if we admit that the result is inaccurate to the 
precise extent in which it differs from the calculation . I must, 
however, observe, that in repeating the esperimenti on the 
composition of the siibiaics, I have had various results, and that 
I cannot pretend that they are entitled tovei-y great confidence, 
ai far as relates to the accuracy of the numbers. The results, 
nevertheless, which I here communicate, have been deduced 
fromejtperimentsmade with the greatest care ; and if I have 
been deceived, it must be ascribed to the greatdifficulty of 

pro- 
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Stibiate of prodMcing acMermiQ^ or neutFa) cooipoand when ^ aflb^U. 
potdsh. njtics on which it depends are 90 (eelplei^ 

The powder obtained by fdolcoratiog the pirodn^ of i^tra 
bun^ w'uh antimooy, and from which boiling wat^ extfagl^ 
the neutral «tibia« kalicus, appears to be a fttibic acid> whicb ia 
decomposed by the action of the boiling water into a oef^ral 
stjbias apd a slibic acid, or rather into a sup^rstibias, wi^h a • 
still greater ei^pess of acid. 100 parts of this powditf, well 
washed with cold water (but not trea'ed with boillAg water) 
]Mvei> after treatment with nitric acid, a ^laptity of slibic i^4 
oom^ned'with water, which* in one eKperin^eoty prodape4 
83 74^ and in another experiment 8400. It f(4tows« that IpQ- 
IV, of stibic acid had been combined with 1 1 *33 p. of pur^' 
ix)ta&b. This quantity is rather lesis than half what i« contained - 
in the neutrai stibiate. It appears that the effect of the oold 
ivater has changed it a little by dissolviqg a SBiall quantity ftf 
peutral stibiate, and tbat> in fact, there 14 fo^n4 a certain pprtioa 
of the latter mixed witb the nitrate and with the oombinatioa 
of oxidi^m stibicitm and potash, which are tai^en up by the cold 
water. 

This circumstance explains wl^y, in the prescription fgr mfMlL-' 
ing the calx antimonii elata of the pharmacopeia, it is expressly 
forbidden to fuse ihp mass, because, in this case, the sopersti- 
bias kalicqs decomposes the nitrite of potash, l^ diseng^ipg 
lt9 acid, and becomes a neutral stibiate, whicd is ^ImoM totallj , 
dissolved during the washing. 
Ammoniacal The stibias bydricus is dissolved by strong di^^stion ia ca09tic 
snpei stibiate. aujmonia, and its solution appears to cootaiq a nentral atU)taf 
animonicus. It cannot be evaporated because^ in tbi^ cas^^ . 
part of the ammonia would fly off, and a while precipiiaUi 
'would be formed* which reddens turnsole papec^ apf) a^(^a 
ammonia and watf r when heated in a glass report, thie i^ibie 
acid rem ai 119 in the form of a yellpw powder. T^^ pr^ipifilt^ - 
is, therefore, a superstibias ammoucu^. This is ^ fiffrAnjp<j|gyj 
by the action of air, even if exposed ^t the te^ipprati^a 9f 
40*^ or 50^ (105» to 120^ Fah.)for the sp^ceof ^^v^r^l nf^Qf^j^. 
Barytic stibi- Siibias hqrytkus is a white powder wUch is pUaiqe4 kj 
9t£. precipitating the muriate of b^ryfes with stibial^e of pc^U^ 

It ^pe^rs to be perfectly insoluble in water, bec^iMe t))e pf«n t 
cipitate prpdMce4 by the first drop «f the precipitaajt i^ 1^ r^ 

dissolved 
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dissolved v/hen shaken in the solution. Tbii salt ii flooculent, 
light, and does not adhere to the sides of the veasel. It is not 
decomposed by carbonic acid in the air ; but the nitric acid 
exlracU by digestion, though noi without difGcully, all the 
barylesit coniaias. 

iS(iiJoi Au/icut is (iroducad by a process simil(ir to ihe fore- Stiliias kali, 
going. It is a while powder sparingly soluble in water j'^'"- 
for the precipitale produced at ttie comraenccnienl lb readily 
dissolved by shaking tlie sululion. Yet it requires but a small 
quantity to saturate ihe water, nud the precipitale, after a time, 
assumes a crystalline aspect preciiely like rbe c:irbunate of 
lime, and a quantity of these iiifiuitcly iniall cryMals is depo- 
sited on the glass, which becomes covered with ihem. it ii- 
found, however, that it is no' carbonate of lime by decanting 
the fluid, and treaiitig it with nitric acid, which dissolves the 
liiDC without effervescence, and leaves the slibic acid on the 
glassin the form of a milk white stratum. 

Stiiias plumbicus is produced by prccipita'ing nitrate ofSiibiateof 
lead by siibiate of potash. A while precipitate is formed, * 
reseinbliug very much at first ihe muriate of silver, and which 
IS perfectly insoluble in wateC When exposed to the fire it 
gives out its water of crystallization, and becomes yellow. 
It does not melt by a red heal, but on a piece of charcoal be- 
fore the inner flamo of the blow-pipe it is rapidly reduced 
with a slight deflagration, affording a white metallic button of 
stiiilcum plwttbi. I was in hopes, by the analysis of ihts 
combination, of gaining a more exact knowledge of the com- 
position of the stibiales, as it was very easy lo obiain the 
Btibiate of lead in a neutral slate. But I found, to my great 
surprise, thai the siibiale of lead, ignited by heat, was scarcely 
HI all attracted by the nitric acid, and that the newly -precipi- 
tated stibiate still buiuid, if poured into concentrated nitric acid*, 
cannot be decomposed but to a certain degree, which seeoia to 
produce the superstibias plumbicns. I endeavoured to dccom^' 
pose this by several days exposure to concenlraied nitric acid;' 
nearly boiling, without its being altered. 1 lastly mixed it 
withcharcoal, and reduceditioa glass retort, and afterward* 
treated the reduced metal with nitric acid. Tte result was 
nitrate of lead and snperstibias plumbi again ; and 1 could 
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iiot.co[iae(]U(?ntl)', obtain a m' 
Elated. 

Slibias xineicus produces 
certain degree in uaier, whii 
of a puwder, which coieri i 
the giflss, and, after ws>hing 
pearanee like carbonate of li 



e precise result than I have befora 



a heavy precipitate, aoluWe to 
rh is at laft deposited in the fora 
le Hides as well m the Wiom C 
!ind drjing. has a crystalline a^ 
lie. Wheo heated in a glsM 
10 of zinc gives out it« water of crystallization 
yellow. It ia not reduced by the blow-pipe U] 



a white powder, very little soluble {( 
. colour ID the air hs well when baniH 
re it gives out water and becomes grey« 

I'ing to a slight oxiilalion. 



and be com 
charcoal. 

Slitias manganosus \ 
water, and preserving ii 
as when dry. In the ' 
isb, which seems to be 

to a very elevated lemperalura, the stibias manganosus i 
its while colour by a change, concernlog which T shall i 
hereafter, 

Stilias fiTTOsus is precipitated perfectly white, and preserw 
its white colour as long as it is covered with water. If it b 
put on the filtre and washed, it chauges its colour, by the cm 
tact of the air, into a yellowish grey. By heat it gives ov 
water and becomes red. Upon charcoal iri the interior flam 
of the blow-pipe, it becomes reduced. The aiuimony is 
tilized, and the iron remains obedient to the magaei. 
., Sliliias colalticus is the most soluble of (lie slibialcs, Ihou^ 
its solubility is not very considerable. The precipitate whic 
is first formed is again dissolved, until a certain quantity of th 
precipitating liquor has been added. The precipitate is ro 
flocculent, and contracts, after a lime forming crystalline grain 
of a rose colour, which are deposited mostly on the sides c 
the Tessel. When exposed to a cherry red, it loses its waM 
of c ry stall iz at ion, and is diminished precisely one-third of il 
weight. The atibiale deprived of water is of a deepvioloB 
blue. By heat in an open vessel it becomes of a biackiill 
brown, probably by the increased oxidation of the oxide of 
cobalt. If what I have stated of the capacity for saturation 
of the siibic acid be well founded, this salt will be < 
of 52 p. acid, 14 oxide of cobalt, and 33-3 



The oxide of cobalt contains 29 



ligen and 29-30) 
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water. TTiat is lo say, scarcely different from ten limes ai 
much. 

Slitios cupricus forms a green precipitate very voluminous gj 
and perfectly insoluble, wliici), after drying, has a very palo-"=' 
verdigris colour. When exposed to tirSj it loses about 19 per 
cent, water of crystallizatioD, and becomea green. Heated 
before the blow-pipe upon charcoal it Is reduced with a lively 
deflagration, and produces stibium cupri in form of a metallic 
globule of a very pale copper colour. 

In a eoIutioD of corrosive sublimate [he stibiate of potaab 
at first affords no precipitate ; but afier some lime (he mixture 
deposits a grey yellowish very light mass, which, for the most 
part, remains suspended in the liquor- The filtered solution 
does not contain the smallest share of siibic acid. 

Will it 1>Q necessary, in this place, for me to remark, that the j 
compounded bodies, of which I have here given a superficial P' 
description, were, in fact, chemical combinations, and not pre- ^^ 
cipitates, formed at the same lime and mechanically mixed to- ci 
geiher? Their crystalline appearance, their solubility in water, 
as well as the circumstance. Iliac iheslibiate of magnesia pre- 
serves its colour in the air, which could not have happened if 
the compound had been a mere luixture of tlie oxides of anti- 
mony and of manganese, prove that these substances were 
actually substances analogous to salts of sparing solubility in 



The siibic acid, in common with other weak acids, has the SUWc acid at 
property of combining with stronger acids, to whicb it performs ' baaci&c. 
ihefuiictionsof a base in thesamc manner as ihe boracic acid 
does with the suiphutic and the fluoric, and as the carbonic* 
and the arsenious acids do with the muriatic. The siibic acid 



* Mr. John Dafy, a distinguinhed English chemist, has discovered a 
combination or muriiitic and i^arbonic acids. He prodocrd it by 
piiBsing electric discharges throngli a mixture of oxiniuriatic gas and 
gnaeous oxide of carhon. The two gases combined in equal volnines, 
and did not then occupy more than half tlje space they occnpied be- 
fore. The excess of oxi^ai in the oximnriHtic gas a precisely the 
qoantity rcqniaile to convert an equal volume of Kaseous oxide of car- 
bon Into carbonic acid ; and, according to tlie calculation of the com- 
position of 111): muriatic aeid, it 19 found that, in ttus'ncw combination, 
the muriatic acid and the carbonic acid contain an equal quantity of 
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is sligbtl/ dissolved in tLe conce 
solulioa it yellow, an.! affbrda a pn 
water, which is a triple combitialic 
acidsaad water. Iflliisbebrisk'yiR'i 



potueii, 



irated muriatic acid. T' 
:il)ii3le by ihe addition 
I of the niitrialic and lUbiQ 
I'd, there is a diseDgagemei 
: gas, (supi-roxidura miiriatoiiam) an<l a whil 
oxide remains. If, on the comrary, it be heated slowly, murii 
tic acid is disengaged, and the acid remains of a yellow coloori 
la some iustancei it is obtained partly white and partly yellow.. 
6. Cnmlinatians of the flttious add with saline holes. Siibiilet. 
..... I fofied together th - white oxide of antimony and cauititi 

Kibioiu acid, potash ; the former in excess. Ilie fused mass treated willt 
cold water, produced a weak alkaline solution, and leli a wkM 
powder undissolved. Thi4 powder e:tposed for iwo hours iq 
the action of boiling water was in part dissolved, and Ihe soltii 
lion greatly resembled tlial of ihc siibiaie of polash. Tb* 
acelic acid, as did aho a current of carbonic acid gas.produced ^ 
while precipitate, which re-acied like au acid upon v^etabl6. 
colours, and when heated over a spirit lamp atforded water, ; 
left a white oxide which inclined a Utile to yellow while ti ill 
hot. I aro disponed lo ihiiik, Ui3t this la» circumslancewai 
owing to the formation of a small quantify of stibic acid, froin 
that action of the alkali and the heal, because the pure whita 
oxide does not become yellow by heat, 1, therefore, conside 
this precipitate as Ihe combinaliun of an acid with waie^ 
and as this acid ba^ antimonium for its bn^e, though it conlaiH 
less oii gen than ihat which I have already described, I shall 
Gall it acidum siiliosnm, and the combinaltoti with water, tlitii^ 
ht/dricus. 

A tolution of Ihe neutral slibiile of pola^^h being decomposed 

by nitric acid, produced4-G grammes of slibious acid ignited bj 

the fire, and 3'lG gr. of uilrate of potash well dried. 

are etjual to l'4gr. of pvire potash, of which Ihe oxigen i| 

0'2492. The oxigen of47Er. of llie slibious acid is 102S 

and 02483X4=09929 ; whenre ii appears that the stibiou* 

ncid, has the capacity of neutralizing a qnaniiiy of base c^' 

which the oxigen is one-fouriii that of the acid. 

The slibiis kulicus* most ih?relore be composed of 

Stlbiousadd - - 766 - - 10000 

Potash . - - - 234 - - 3055 



•Thecal* 






a fact, a ^iiperslibiis kalicua. 



Tha 
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The stifiiis haryticus is slightJy soluble in water and does of baritei, 
not change by the action of the air. If a boiling solution of 
stibiite of potash be let fallen drop by drop into a boiling solu- 
tion of muriate of barites, the stibiite of barites crystallizes 
graduMly on the tabe^ in the form of small white needles of a 
silky brilliancy. 

The stibtis kalicus forms a crystalline powder, > which is 
white and very little soluble in water. * 

The stihHs plumhicus perfectly resembles a stibiiate of the ^^ ^^^^ 
tame base. The stibiis manganosus, ferrosus and ztncicus like- 
wise resembles the stibiate^ with the same bases, but they are 
xather more soluble in water. 

The stibiis cobalticus is considerably soluble in w^ter. It of cobalt;, 
precipitates in tlie form of a voluminous lilac powder, inclined 
to red^ and does not assume the smallest appearance of crystalliza« 
lion by drying. When heated, it loses one fourth of its 
weight in water of crystallization, and becomes greenish grey. 
if a neutral solution of cobalt be precipitated by a stibiate of 
potash, which contains potash in excess, a violet precipitate is 
formed, which is still more soluble than the former, and appears 
to be a suhstibiis cobalticus, 

Stibiis cupricus is a powder of a very pale greenish blue;, Qf copper, 
perfectly insolable in water. When heated it loses its water of 
combination and becomes green. A stibiite of potash, with 
excess of tbe latter precipitates the salts of copper of an apple 
green, resembling the arsenice of copper (Scheele*s green.) In 
the fire it ' becomes black, and when prulverized it'aiMUiEresli 
yellowish grey. It Appears to be a substrbiis eopricus. 

We have seen, therefore, that Mittmony possesses the uaab xhas anti- 
prdpecty as arsenic, molybdena, sdlpimr, phosphorus, and a2K>te mony has tim 
to pifodiide dtffbrent degrees erf* ojtidatiott in its acid, and that ^^^"^2^,^ 
\ht saline combinattbns foiled by these! two acid& gY^e^Iy and can act as 
resemble each other, in the like noanner 'as it hiw> been long * * 
proved in chemistry, that there are arseniates and arsenitt^s-. 
Anthnoay also Ims the-ttnalogy with salphcfr, of pi^dduoing a 
saHfiabie bsse, which eodabtnes with the muriatic acid, bctt - 
which is ioasHy separated by water, with which ih& .Bieldbfmk-' 
bines in pf eferenee, as It is a more pewerfai t>a8e thtti ttolc 
iMudes. 

S, A particular 
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8, A parluuloT ph 



produced ly same of the slibiala 
\d sli titles, 

Rnnukalile Before wa quit the OKidei of tbis nielal, 1 shall roe&iiao ■ 
tome u"lh" " ^'<"Eo,\aT phenomenon which several of ihe siibiates and sUbiiie* 
cDoipounda. possess ; and of which the explanation throws very great light 
upon the theory of chemistry. 

If in a small crucible, or spoon of plaiina^ the slibiate or 
stibiite of cobalt, copper, or zinc, first deprived of their water of 
combination be heated before ihe blow pipe at a certain 
temperature, it lakes fire and burns for a few moments with an 
extremely vivid ignition. Afier cooling, ilie mass is found to 
have undergone a very remarkable change. The stibiaie of 
cobalt becomes of a pale red, or rather a brirk colour ; and tbe 
biibiaies of copper and of zinc are both white. 

As the two metals which are in these salts, have been carried 
to the highMl degree of oxidation, ibis phenomenon cannot b» 
explained by an ulterior oxidation. The stibiatcs which, before 
this operation, were very easily decomposed by stronger acida, 
nowretist their action. The most concentrated muriatic acid, 
no longer decomposes tliem, and if it dissolves a small qiiantitj', 
it takes up the acid and the base alike. Nevertbelest, after 
continued digestion for several weeks, it appeared tome, that 
these substances had undergone a partial decomposiiiao, though 
not (D be compared with that, which, before the Ignition would 
have taken place at the first instant of contact with the acid. 
The concentrated muriatic acid, does uol develope the slightest 
trace of oxymurialic gas, which proves that the metals are not 
in an higher degree of oxidation. I have not observed any 
umilar effect in heating the stibiatea of potash or of the eattbi, 
neither has this ignition appeared in the stibiates of lead and 
manganese, though by the action of fire they became insoluble 
in acids, and the slibiate of manganese resumed its ordinaij 
white colour. 

If either antimony in powder, or the slibious acid be mixed 
with the red oxide of mercury, and exposed (o the fire, the 
■Dlimony produces a detonation accompanied with vivid ignition, 
metallic mercury rises in vapour, aud there remains a very 
voluminous powder of a deep olive colour. I at first supposed 
that this powder, which had undergone sUoiig ignition, and 
Gtuuequeatly 
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consequQDtly should not contain mercury^ was a superoxidum 
stibicum. I endeavoured to decompose it in a small retort to 
disengage the excess of oxigen^ but to my great surprize I 
found mercury condensed in the neck of the retort, while the 
colour of the powder became changed to yellow. I endeavour- 
ed, therefore, to decompose this combination, by means of con- 
centrated muriatic acid, with which I kept it in digestion. The 
acid in fact dissolved a small quantity, but, on diluting the 
solution with water, the greatest part was deposited. The 
predpitate thus formed was greenish grey, and appeared to con* 
tain less oxide of mercury than before. The 'portion not dis- 
solved by the muriatic acid, still preserved its colour and all its 
properties. I separated the acid from it, and washed it very 
well, and afterwards dried it by heat approaching to ignition. 
200 parts of this dried combination exposed to a moderate heat 
in a glass retort exactly weighed, until nothing remained in the 
retort, but the yellow stibic acid lost by this evaporation 31*5 p. 
in weight, of which I found 29 pt of metallic mercury in the 
neck of the retort. The receiver contained oxigen gas ; and 
therefore, the loss of 2*5 p. must be attributed to this gas, and 
corresponds very nearly to the oxigen required to convert these 
29 parts of mercury into red oxide (the exact quantity needful 
being 2'3 p.) The stibic acid which remained in the retort, lost 
in a still stronger heat 6*5 per cent, and became converted into 
stibious acid. This experiment appears^ therefore, to prove, that 
olive coloured substance contains nothing but the stibic acid, 
and the red oxide of mercury -, and it appears that the stibiate 
of mercury had undergone, at the moment of its formation, the 
same change as the other metallic stibiates I have mentioned do 
by ignition. 

(To ht eMtimudJ 



Extract 
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VIII. 

Chemical Examination of a Variety of Fossil Nktron, or JVa* 
five Carbonate of Soda, lately discovered in South America. 
By AmbricoCabral db Mbllo. 

FoMil natron t ji nHE native carbonate of soda^ of which I sobjoin an ana« 

JL lysis^ has lately been discovered in the vicinity of Bde^ 

nos Ayres, and considerable quantities of it have been imported 

into this country. 
f6nnd in strata jj occurs in compact, solid, stratified naasses of froria two M 

six inches thickness, deposited upoti a bed of chy^ strotigfy 

impregnated with common salt, 
not crystal. j^ exhibits no vestiges of crystdlline stroctote. Its inaBUtos 

$te granulouSj readily broken between the fingen^iand x>f a Kght 

yellowish grey colotlr. 

It is rcsadily soluble in water^ and scarcely I^ves toij VtOK^ 

ItltlMe residue. 
Exp. 1. Experiment 1. A solution of the Brazifiata fottil tt^^trckr, 

^^^ containing of :00 grains of salt, after havitig been nefttridiMtt 

by nitric acid, lost 44*25 graitils. 
and stilpkate 2. In this solution nitrate of baryfes was dropped till no^fkrlbier 
ofsoda^ doudiness ensued. The obtained sulpbatB bf barytes "wefghM! 

four grains, which iire equal to 1'25 grains of sn^hafe -bf 

soda, 
and muriate of 3. To this fluid, from Wh'rch the ndpfasfte of bin'yt^liflkl 
' been separated, nitrate 6f silver was added, tSll it txiea^td^HM 

no farther change in the solution. The produced * tenrUiie >0f 

silver, after having been dried at a heat short of its melting 

point, weighed twenty grauiSi indicating 9*25 grains muriate of 

soda, 
and water of 4. To learn the quantity of water of crystallization contained 

tioB^ "^ ^" ^^^* *^^^' ^^ grains of it were ignited in a platina cruciUe 
for one hour. The mass, which was of a porcellaneous ap* 
pearance when cold, was dissolved in a weighed quantity of 
nitric acid to ensure the complete expulsion of the carbonic 
a<cid contained in the salt ; and from the loss of weight which 
the 100 grains of fossil natron had suffered, after having do* 

ducCed 
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ducted llie quantity of carbonic acid belonging to it, 39 &Aei- 
mined inexperiment I, its proporiion of water of crytlailiza- 
tion was found to be 2075 grains. 

From tbis Blaiement It therefore becomes evident, that (he Sainnwr 
composition of 100 parts of fossil natron is as follows : part*""" 

iU Carbonic acid 44-25 

■^ Soda 2423 

^^T^^ Water of crystallizalioii . , 20*75 

^F Sulpliale of soda 1*25 

^^L Muriate of soda QSO 

1' - loo-oo 

Muriate of plalina, and several oilier tests, indicated the 
absence of all foreign bodies in ihe solutions, expts. t and 2, 
which, after being evaporated, yielded pure nitraie of smla. 

This variety of natron, when enposed to the almosphere, '*<'''*! not 
does not, like the common sub-caibonate of soda, obtained by 
aniticial processes, effloresce, a circumstance which unques* 
tionably must be altribuied to ihe comparatively small portion 
of water of crystallization which it contains, and 10 ihe com- 
plete saturation tf its alkaline base with carbonic acid. 
_*, HasMU StTeet, Soho, 
jipriliaih, 1813. 



On the Sensation and Percepdon of Pia/it>, 



To Mr. Nicholson. 



sm, 



I AM induced to offer a few remark) on the undecided 
question of the existence or non-exislenee of vegetable 
lensation and perctpiiun, though I cannat, for my own part, 
even give an opinion on a subject in which so much discussion, 
and so many opposing arguments and facts are involved. 

1 confess I think, that the circumstances of the tendrils Motion or 
bending towards neighbouring supports, and iheir Iwining ""^"'"e of 
Vol.. XXiV.-«u. Ifil. E round '^*' 



ind lender bpdie* wUbia tbeir reach. 



which V 



aeconiitcd 

'*5^.?''^'^"W*" titw hat been laid by the advocatei of tbe exii(eoc« of 

wilhoiil art- . . . , . . 1. 

nitting jciua' peremption and sensation in planls, h»e boea more tbM 

'''"'■ plausibly at leait, if not saliafaclurily, accounted for by Mr. 

Knighl, iahigexcellait pajwr nn the nibject, in iha PbiloM>< 

phical Transactioaa for 1^12*^, in which he attribulet these 

cfli'cle, lirsl to the action of light on that part of the tendril 

wliich i» espoted to it ; and, secondly, to the presaore which is 

made on one side by the substance round which it twinet, 

the consequent expansion of the opposite part. 

Apparent irri- ITie excessive irrilabilityt (as it has been, I think, err 

tuc""' "■" '**■ ously called) of many plants, the lettuce, for instance, 

also been often adduced in proof of ibe sensitive power of 
vegetable?, though 1 must say I think without anjr taaKiaable 
fniindation. i beg leave lo submit, wbeliier thitaappoMd 
effect of irritability may uot arise from the following caiu*-; 
During the period of Howering, the veBSeli are so distended 
with ibeproperjuiceof the plant, that a considerable presauM 
must t:)kc place on all sides ; so that when the plant is 
wounded, even in the slightest degree, the fluid finds aa iia> 
mediate, and frequent]; a forctblQ, egtett. When the ^itea* 
lion (if I may use the term) is very great, the juics sometimif 
bursts out spontaneously, and without any previous wouodij 
whatever. 

Cauthemo- I merely submit this for the consideration of those w1m< 
'''""''"'|""'*'havegreateropporlunitie«for observation, and are mora ind* 
very scnative roatcly actiuainted with vegetable phyiiolt^y. Yet alii 
plantt be ex- to ask your correspondents one question — How can we, but bf 
I allowing the existence of vegetable sensation, account for ttto 
powerful motion of tniinoia MNii/Jva, m. niloctica, and manf 
other extremely sensitive plants i and, indeed, numberk 
other phenomena which 1 should be very glad to see once mo 
fairly and ably ditcoised ) 

I am. Sir, 

Your obedient Sarvant^. 
«ooZf, April Qik, 1613. HB* 

• Vide Journal, vol. XXXIV, p. 48. 

» Vl(|e JouraaliTol. XXVn, f, 138,for M.Comdori'i ciperiineDty 

fa Hie KKtltui luyir, &c<:. 
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X. 

Oft the Prefiralion of Forest Trees for immediate Use. ami 
increasing the Duration of Timber. Communicated h/ Copt, 
t*v*iA(j, of the Navy. (From his " PjiEciiBSoa.") 

TaS. juices of a Itee being, like the blood of an animal. On the dnra- 
e»ienlial to vitaliiy, but tending lo corruption imms- j! ^'^.''"'' P"^" 
diately afier dissolution, accounts for the well-known fact, timber for na- 
ttnt the daralioD of limber is in proportion to the qcanlity and '"' omtme- 
Daturs of the juices contained therein nt the time of felling 
■nd when brought to use. It is, therefore, obvious, that by 
wirhdrawing such juices or blood from a tree while standing, 
the oak (as expressed by the celebrated Roman arcliitect Vi- 
truvius, 8tid by Pliny ^; "will acquires sort of eleniily in its 
daration." But as neither the mode mentioned by those cele- 
brated ancients of culling a kerf round the bottom of a tree 
while standing, asperfoiraed in Bengal, or the one suggested 
8y Dr. Plott, of decorticating the tree, leaving it standing, as 
practised by the natives of Malabar for ages, will effect this 
desideratum, I made ihe following analysis : 

On the IMof June, 1812, 1 made experiments upon grow- 
ing young oaks, one of wlilch, Ihathad been operated* upon, 
^as converted the next day, increased in strength in the pro- 
portion of 436 to 609, and when doubly prepared, to 946. 
And, as a test of comparative duration, I made extracts from- 
the heart and sap of the same tree in its natural stale, and 
when prepared. The following ia ihe resiill : 

I. The sap, or embryo wood, in its natural stale, speedily 
concreted, and mucor or mould was formed in fourteen days. 

2. The heart, in its natural state, contained much less putres- 
cent matter thau the embryo, b:it a larger portion of gallic 
■cid, and acriinoniaus liquid. This extract had a smell like 
feiid ditch water, and inucor was formed in forly-nine days. 

3. The heart of the prepared oak is perfectly sweet to the 
smell, and has no other appearance but a pellicle from the 
glutinous matter contained in ihe wood. 

4. The embryo wood of the prepared pari has the same ap- 
pearance at the heart, being equally free from any symptoms of 
putrefaction. 

• Tbii oak, from t!* metnesi of the season, contaiacd 6-10t]i» 
efits weight in fluid; but ingciieial I Lave fuundiMltlis in June, 
«Dd 4-lltbaiD January, tube tlie quantity of fluid'aeDtaiaad ia grow- 
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On the dura- On the neiLt day I proceeded to verify .the fiictib|efoffea 

SoiSti^'of'^' ^*^^^'**"^"^^^ ^^^^^ ^^ AKricultiire, consistinjf of sevenil 
timber for na- members of both Houses of Parliament^ who expretsed a 
▼al ccnstrac- lively Interest on the occasion : the following is the substance 
of a minute made by the president at the time. 

Board of Jgricullore, June 2, 1812. 
The Board adjourned to examine some experiments made bj 
Captain Layman, on the preparation of forest trees for imme- 
diate use on being felled^ by which the specific gravity is di- 
minished^ and the sap for embryo) wood rendered useful, at 
well as the strength and duration of the timber coosiderabl/ 
increased. The following is the result, from pieces one foot 
in length and one inch square. 

1. Poplar (Lombardy) cut from a tree in a growing state^ 
broke with 3361b. 

2. Poplar (Lombardy) counterpart piece of dttto> prepared^ 
in three hours bore 368lb*. 

3. Seasoned English oak broke with 7841b. 

4. Seasoned English oak> prepared, bore g02lb. 

** This piece^ when broken^ proved to be natorally defective 
internally 3 but a sound piece^ prepared by Captain Layman^ 
appeared to have sustained lOO/lb." 

5. Sap or embryo wood of oak, prepared and preserved^ bore 
930lb. 

6. Counter part piece of ditto, in its natural state^ brdkie 
with 5361b. 

7. Common white deal, in its natural state, broke with 
3391b. 

8. Counter part piece, prepared and preserved, bore 5061b. 
Note, Specimens were produced by Captain Layman to the 

Board, of the matter producing the decomposition of wood. 

On the 23d of July following, I made experiments at the 
Navy office. 

No. 1 . Dry rot timber (Canada oak) of the Queen Char- 
lotte, as receivecl from the Navy Board, July 18, 1812. 

* This experiment was made to show in how short a Jdme woe4 
could be prepared for use from a growing tree; but a yooD^ itanding. 
Weymouth pine, which was experimented upon with a view tomastiiig 
tioobcr, and which was three days in preparing, had not only it> 
wdght reduced, but its strength increased from ^43 to 450. 

2. Ditto> 
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2. Ditto, ditto cured*. On the diira- 

3. Dry rot, and sound limber (English and Canada oak sud JeUorfltion of 
pilch pine) of ditto in in conitnon state. limljer for 

4. Counter pari pieces of ditto, preserved.— The above were """"' 
put into bottles, and sealed up liy the Nav; Board j one of 
which was afterwards cracked, and ihe wood pui into another 
bottle, which, with its coiiDierpan, wasresi^aled an ai present. 

5. A piece of English oak, broke with 3281b.— This was said 
to be a bad specimen, but it was a couulerpart of what llie 
Oueen Cbarloire was framed with. 

6. A piece of sound English oak prepared and preserved 
bore 8101b. 

7. A piece of Canada oak ; of (be Queen Cbarlolle, in ilt 
natural state, broke wiib 528\h. 

6. A piece of dilio, prepared and preserved, bore 66olb. 

g. A piece of pitch piue, in its natural stale, broke with 
C72lb. 

] 0. A piece of ditto prepnred and presert'ed, bore 834ib. 

As from V. to X were broken by a lever of 5 powers, 23lb, 
should have been added to each. As (he Weight of the scales, 
he. was = to 5|. 

These pieces were sealed up at the Navy-office, and rcmaia 
in that state. 

Upon this principle, increased duration and strength was 
given to teak, sissoo, and ^aul ; which would be a great acqui^ii- 
tion to the auxiliary aid required for our Navy. But the most 
important result is, that trees of our own growth thai succeed 
on tho poorest soils iu Great Britain, which will not pruduce 
corn, arerendered very superior to anylbreigu oak imported, 
and preferable to the best English oak rn common u-.? fur IiuU 
timber; and allhouch toiiie speiiesare natural ly vmker and 
heavier iban foreign =ptrs, lliey may be so prepared a-i tii admit 
of being made into ma^ts. yards, Sic. smaller, I'lghter.sirn-Bgvr^ 
and infinittly more lasting, than those made of Ameiicau or 
even Russian fir. 

Thus furnishing the means to comtruct duralle ships nf 
British •malerials from the ked t< the i f ;. . k 
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« TLp roar or Wr»tq)iDitpr-l>al1, biMlt in i3'j9, 1> fomitd of sweet cl>(»pn|, wl.jch praS 


^ably grew in the iwigliljourliood, a. the site of LoniTou was Ibnotrly a cli«™.t en««fl 


pf iponlanrouB growth; yel liie iik of this fint-nrowiii); liiulirr, «iiirii juccccd* fl) aJ^ 


Boat harren eandf, u mktittim in aur dack yo-Ja, as is tliat ••{ tlie aifa, tor lUe parpow of ■ 


drip-building, alUiauidt if* utility i» lo tveU kuowD G>r agticitltural and otbar piu)»Kti 


^ u it contaiip piuirb liw| pUUc t«iii) fh^n (hf pak, ot eypa the frliesB^f, ii ««^4 Vf If" 




together witli its leneUi and ckaniess of lignro.i, fibre, U not only |,ee«liarly apfJio^ Ak_ 
pbnk, bDt gDprrioril; adapled for thick Ktiiff in ^e curve of tlie whale round t^ bMM 


anil bultocki of a abip, u may be lecu in the rim «f a wlied wliicli U a whole drcl« )m4H 


out of «« piece. UlttiMO ailiniraUy cjlcjlated. if properly prepared, (brlowt-r »>«lqfl 




procore from fou^gp (oiinlriet. 


But ai this proposition may appear PvtraorJIiiiry ((. some people, it qwy rcqiijrF Mme 


little explanation. The xpeeilit; RTavity of Knsiiau fir muli, Is to (he biil English i»h i« 


their natural slate in the proporlion of -1411 to BIS, therefore an ashen oiaet, or a piece 4W 


timber for any other pu.poBe ma.te of tliat wood, to be of ecj-.al MiciigCli would be nwwjj 


poDtleious i but a* sheBii by the result of csperinicnw before given, the »pteific gtwritj dS 



And « the Hfi or embryo wood would not only be rendered On ihp Arm- 
Meful, but ihe limber fit for immediaie conversion, it would '''"'3' '".'^ 
[ ifcraisli llie means lo do away llie waite of limber and loss of limbrr for 
I titne aiiJ money that isl^e pldco in what is termed irtisoniny, "''™'f'"'" 
L futicularl}' in ba Mdjesiy's dock-yarditj'^ tiiUiur when a Mp is 

framed, 

r A> Bik ran be reduced to thti of the RiiMian 6r as 774 to 318. aiid 
E VK ttrengfh of tile aih increaaiiig in tljE ratio to Uie Rassiaii fir as 
I ^5 to G.^<>, it foRo%rs lliat a prepnrcd innet of the best Englislj ui^h of 
[ ilfly Imlf the »i^ wotrtrt he iinmjer sml Hylit^r tliin one made of 
>Dd the ■livaBlBgea over AmeticKn apan wonM be ttill 

* As the Norway m^le admits of mch gre^t incirase in slrenglb 
ind dnralion, and hiII succeed in expastd marine utuations where 

' M otlitr trees wiil, ii deserves paiticiilur atti-ntiml. 

ti Inrcii, nlthonjfli a tree of raiiid growtii npoo a slcrrle 
Boil, ii, trum a large p Dili on of parenchyma subslaDci?, wealier sod 
heiTier in its nalnral stale tlian tlic Riga or ncn AmoricHn fir ; yet it 
IMy be renrieri'd avpErior fur span, er any Atber purpose Ibr nhicb 
fneign deal is iPuportc[|||. 

I i Mattbarteali nsed iu diip-lDiiding may be laid to undergo akinA 

I t£ preparatisn, K at Hcypnnr I lijniM] tlie weight of a yer^ Hne young 
twk, wtien cut down KHh tin bark oh, tu be equal lo 6l)i>. per cubic 
Aat ; vbentlw timber of nmilar traci decorticated for two, three, md 
MMietimes fonr years before felled, was only 44lh<> pri* cubic Ibol, 
wbich Bperation n perfiwiapd by llie natives, in order to rcditee the 
•prrific gravity for llie iHirpme of more readily tinating the treei down 
the river, but it also diniHsliei tLr itrengdi, ullhoD^i it intri-ases the 
duration. 

I By pafers pre>Gnted In I'artrnJiienl it i.ppeara that the expeliditnre 
Bffbrrign spars for «naAl<,£[c, for the Navy, from Hie loth of May, 
IBiH ID the 13tb May, 18(19, was £7,011!^ ; siitce which period the enn- 
fVBiptioD is iaereated : and (kc sad instance 6t the Gnnricre'S main- 
pout gong by Ike board, rilhnit hiiug tlrttek by a ibt^ thut, and (a 
wUdi the anfertuoate captnte of that fine fngalt by tliv Amcticnn 

■ frigate Cantiitntian* was attributed, it a proof that tkeqiiulityof mralt 
Wd (I can speilt with deep regret) vards,t ia nut improved any Inore 
Ihui hull timber. 

• For the eomparalivc force of Ei^liih aud Amtrioan fjcigoKs, ttc. 
pee llic Precursor, &c. just piibliilied. 

TThe main-yard of the Raven br^ke in tb« tliag), or theVNielwQald 
pethave been wreclied. 
*I have tried eighteen dilferent tnelhoda orprrpiriaghndteasonlng 
t, and Hitb only oae ekceptlon, fouod ih« mode or raiLer th« 
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On the durt- framed, or, what is yet more erroneoas, by placing the timber 

meUoratfon of *" P''^*' ^* ^^^^^ piaclised. For as not only the cau»e of decqF^ 
timber for but of shrinking and rents, would be removed, it is obviooi 
that the timber .for building a ship, or for any other porpose, 
might be readily formed on the spot where produced, exclttsiTe 
of the saving in carriage oi freight of at least one-half. The 
timber, although converted in different parts of this country or 
the world, would be ready to form part of a ship the instant it 
was delivered into the arsenal of construction ; and as the 
decomposition of timber commences from the moment a tree 
is cut down, a ship so built io six mouths, in a dock or 8lip,iim2a^ 
cover, would be much more lasting than one six years in build* 
ing*. And if the plank, after being prepared, was brought to 
tod combined to the timbers without being transversely per* 
forat^d, it is clear^ that if the timber was properly moulded^ the 



custom in me in his Majesty^fl dock-yards to be the worst.— In 1805, 
the late Mr. Alexander Mackonochie proposed a '' scheme for the 
ready 8eaf>oiiing of timber, in depriving it of its oxygen by the means 
of condensed »tearo, which would leave a vacuum, and thereliy draw 
out the fluids from the wood, that when so freed if plunged into oil, 
their re-enti'ance would for ever be effectually precluded, and the 
streiigtb of the wood fouud to be much increased, as well as tlie 
timber not only immediately seasoned but preserved in all its pristine 
state/' — This appears very speciou!<, but had the ingenious theorist 
brougitt it to the test, it would have becU found to promote a tendency 
directly opposite to what was proposed. — Some months ago, the princi« 
pie of impre^natin*; timber was again renewed, as in a work of con- 
siderable eminence, published in September, 1812, it is stated :-^ 
*' Experiments, w<» Hnder»tand, are now making at Wooluich, on the 
speedy seasonin/i' of timber, by stowing some hundred loads in a dose 
kilo, and introducing, by means of a retort filled with sawdust, an 
.oleaginous substance. The idea is ingenious, but we angor no nseful 
results from the experimeuts themselves." -The unfortunate resnlt e 
sh(trt time after is well known ; for although, owing to a particular 
circumstan<:e, an active ingenious person was employed, an explosioB 
took place, by which, exclusive of the damage, several men were killed 
and vtounded. 

* The Lively frigate was 5 years in building. The Queen Charlotte, 
100 guns, 7 years. The Impregnable, 90, and Revenge, 74, 9 years. 
The Caledonia, 120, i2 years. The Hibcmla, I'^O, 14 years. The 
pcean, 98, 15 years. 

ftbtie 
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Ibric wontd be much stranger wiib at least one-foDrih lets Oi 
and not only would the building of the ship be much '^' 

cilitated, bul in llie event of reqiiirin"^ to abift either limbers ti 
tc plank, from accident, it might be done as simply as shifting "' 

iBHiaveof acank. And if ships so consinicied, when not 
wanted" for active service^ had the masts taken out, and were 
placed in a covered i/j-y dock, and kept well aired byoptning 
a plank or iwo on each side the bollom, the dnration would be 
infinitely increased. 

The benefits that would arise by bringing such resources into 
fldion, and rend'Ting sliipFi of war more lasting, thereby reduc- 
ing the consumption nt timb'^r and all other materials, with the 
saving in workmanship, retjuire no comment. The grent 
political object would be obtained of having ships at all times 
ready for service, when those i:onstructed of perishable 
materials were rebuilding or repairing, For if the duration 
were in future doubled, ii is evident that not only half the 
number of ships would be required, which might all be con- 
Itrucledin aRoval fwi/(/ing-yard,and half the expenee of building 
and repairs on ships would be saved, and all other fabricks in 
wbich timber is used, the amoont of which by the Navy 
Estimates for 1813 is 3,0(J7,IX)Ol, And aa the cntsiimption of 
limber would al^o be retluced one half, only half the quantity of 
land would suffice lo support our Navy. 



■( froia a Memoif upon ihg Deliquescence of Bodies, by 
M. Gav LnssAC*. 

\N the l^tbofMay last, I comtnuiilcaied to the Society ofxbedeli- 
Arcueil, some obiervaiions on the property of bodies lo "iii^'ceocc of 
^Pltact the moisture of the air, which cheiiiiais distinguish parli- veBuIarW *^ 
>^arly by the word deliquescence. I'bia properly, though it still euqiiired into. 
examination, may be referred to general principles, 
g to which it can easily be determined what ate the 
adies which possess it, the variations to which it ii subject, 

■ Aouales Ae Cbimie, LXXXII, 171. 
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DEI.1<1U£SCK<I€« OF BOOIES. 

aoKiKttr^ lo the tcmperauire and tbe degree of Ibi: tijrgrpaMte 

lit wliii-Ji It begin* to be apiwrcm. 

WItetbet a 1'hc ikliqueacenoe of a body being dependant on lis affinity 

hodjf be for water, and ibe effixt of ihii afBaity beiw to diininitb 

HcliuiHtaefnl, ..., ,, ... 

iFi ahcwn by certain puiiit, tbe elaslic toiix of tbe vnpour, conlainod in • 

plarjncitin ilelftTtiunaie volume of air, it beoomcs vety euential, Dot<nlf 

huinid. fbraiceriainiDg whether ibe doliqueiccnce cao be sbewn, bM 

Ukewiw lo obtain comparable remits, to |^ce each body id aa 

atmosphere coniplelely saturated with bumidiiy. By iliia ■ 

it is ahew-a (bat muriate of wxta, sugar,lcc.«re rtry iteliqnesceot j 

ibal nitre it«elf and many other bodies, id V Tr^ this propertf 

luu Dot been su[^;ed, do poaseis it in a greater or ieis degree. 

Tlie dcarrR of I'bis method does not deteraiiae the degree to whicfa a bodjr 

iquucencc j^^j, jj^ deliquescent j but toaaceftain this, we must takenotk** 

thai tince tbe deliqueKcnce of a body depemlt oii in afimtf 

fof water, and ibal aflinity ii itself singularly tnodiii^d hy heat^ 

it wilt be necessary lo consider each temperature ia porlicubr. 

is ilclfimiiiPd Suppose, therefore, that k were re^iiired to determiDC the 

ai wliidi a"'" •I'g''* '^f deikjoescence of any solid, or liquid body, 

■aiuratcd solu- uCurated with moisture at the temperature of 15 degicea 

bod/boi'i! ifWOt^fMlfl (59 F.) If it be solid, the body miwlfim bedjs- 

liiffbcr tliaii (olnted l« aaluralion, and iheseluliwi afterwards boiled. If 

M*ellq«..!'ct'i^''^''**'«»''^'«^'(2'2t') *hi*-l' " th* boiling poiot of 

aud more: M pure Water, the body will not be deliqiiewent; but if it boil at 

Jheliigber; a higher degree Ibe body will be more deliquescent in propor. 

lion as tbe boiling point n above lOO*. llius muriate of soda 

will be very deliqucitceiit in air saturated with humidity ; for ill 

solution in water at 15° does not boil, till it has arrived at iOJ'A 

(23S F.) Nitre will tie likewise deliquescent, but much leat 

tbsfl Bslt, for ita tolulion at id* boils at J0l*,4 (114,5 F.) 

Thp boiljiig * I "■<"> l>err rtmark, Iliat instead of takiaj; tlie boiling point af 
points do nut racli liquid, it wonlil be niorp cr^act to tnke ttial of the tenEion *t ita 
eive tlie vn[)Oui', at llie preciir tempfralare at which the driiqncscM 

ilcliuiii'sctnre r«liii'ed lobe determined, brcanae the eleration of tbe boiUng poiat 
•{ititr (iiictty. i* ""t (Toporrioaal te ilic quauiity nfialt bdd ia solnttou. A ■ 

luclLaJ mii^t imeuirily bn used to iklemune tb* forci with wlueh 
(uliil bodiei allntct Iki^ vapour of water, uitlioat auy change oT «tau 
euccteding, as would liuppFD uitli regard id lime anil lb« salts dcpriv- 
)-d uf water of crjitnlliiatiun. I enter fullj inio iLit subject in tbe 
Memoir. 

Eiperioieiil 



SEUQUeSCENCE OF BOBIXB. S$ 

Eiipeniaent here ^evfccliy agrees with theory ; but in order 
to shfiw Diaiiifesily iLe del h] lichen ce in such oihet bodle* u 
arc aliio tt'eaklf ddkjue>cei>i, a «inall separate poriion of eacb 
mu^tbe taken. These will be comp'eidf melted, wbeceM 
laigcr cr/«tAl9 would Bimply become moiiit, or liquify very 
slu*iy. 

It is easy wconoeive ibat it must be Importaol lo attend 10 'l^e ipiiii)eia- 
the temperature i for as heal greatly faTOurs the combioaiionof |j,,J!^,"^„„,g, 
salts wiib water, the boiling point of eacli aoluiioo miut vary qiieiict-. 
according to the tennpeis(ii''e ai whidi that uiluiioo wan (oade. 
Thus nitre, which is weakly deliquebceiit at is »tii of which 
die Mliiraled wlulion buiU at 10] ,4 would be very delit)ue«ceiit 
at the teoiperature of tO(y, became it« Eaturatcd nolo t too made 
at lliat temjierBiure would not boil slujvt of 1 10' or 1 12°. 

The acetate of lead, and cortotive tubliniatc, do ool i«neiUy ^h1i» "ot 
raise the degree of the .boiling point, and accordingly tliey are *" l"^"^'^" - 
not at al] delit)uetcenl. 

In determining the degree of fbullliioi) of saline or acid RcmarkjMo 
liquufs, J hpve observed a very siogiilnr pherwnienoo which [l":'/ tli^it ilie 
d^rve» to be known, U consiUs in the fact, tliat water and ^fwarir' is 
oilier Ixjuid* haxl later ii;i a glass veuel Ihan in a ntetallic ve«s«], (lilfi'rcu! in 
unless the filings of iron, copper, or seme other tuelal, or ^^iiilj 
charcoal powder, or pounded gloss be (nixed with it. Tha vessels. 
di&rence of lemperatnre with legard lo water, is as wusb w 
l'^ (ni'arly :£' t'.) find »o(ueiiroe# even more. This fact is of 
great ijnporiance in the gindnaiioii of ti*i:riuonieJ«rs, Iwiwecn 
which such a ijilference oiiglii e](i>i in iiwtruineiiia nudjewiih 
ibeiamecare, provided the upper poiol of the one were taken 
in a glass vessel, a^d thai of the other iq a metallic vessol. It 
is true that if allention be paid, not to plunge the ball of the 
therm Dine ter» in water the dilTerence will be le^s*^. 

J bave |i|u;wisc asceriiiined lliat there is i.> sail which _^*" *^"^ 

possesses the property of lowering the boiling paint of water, i,„iiing|taiui 

Ibough Wr. Aehatd hax asserted the conirBri'. ofHiiifc. 

■ Whpq we bflve asceiiainod the degree of ebullition peculiar ,' f-^^'j- ,^\"™'i^ 

^■b eaeb saluie tolutioOi by means of wlilcb we w:iiair9 aiteUiiiu-Meiii-ii 

^r detcrmmalile 

^ by iD.-lo.mL- 

• The melhoil pre*rriLeil hj thr. Committee of IbeRojal Society, „^j,,j\| „|^,j 

thai Xhr builliig point sliould be taken ib tleam, wsulJ reinov* tills wttU'd uitli 

}«*tai/j ii^ureU itregularity. N. tbe soliitiuui 
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insflsure of the deliquescence of the salt and its affinity for 
wafer^ we may proceed farther and determine at what degree of 
the hygrometer the deliquescence begins to take place. For 
this purpose it will be sufficient to place the hygrometer onder 
a glass moistened with the saline solution^ and observe the 
degree indicated after some hours. In this manner it will be 
'^ found, that with a saturated solution of muriat of soda at 15* 
temperature, the hygrometer will stand at QOP, atsd that with a 
solution of nitre also made at 15^ it will stand at about gj\ Arc. 
Instance in Hence we may conclude, that muriate of soda will not be 

common sat deliquescent below g09 of the hygrometer; but that it will 
begin to be so at that term, and will become much more so 
above it. When a table shall have been constructed, indi- 
cating the degrees of the hygrometer, corresponding with the 
temperature of ebullition of a certain number of salts^ we may 
determine the degree of the hygrometer at which all the others 
will begin to be deliquescent, provided we know the degree of 
ebullition of their solutions in water. 

I need not observe^ that what relates to the deliquescent 
salts, is likewise applicable to all the solid or liquid bodies 
which have an affinity for water. According to these princi- 
ftalphnric add. pies we shall find, that concentrated sulphuric acid can take 
from air completely humid, more than fifteen times its wdgfat 
of water. And from this property, which difierent saline solu- 
tions possess, of exhibiting diffisrent intensities at the same tem- 
perature, it is easy to determine with precision, for every tem- 
perature and degree of the hygrometer, the quantity of vapour 
contained in a given volume of air ; a result which Saosture 
could not obtain, notwithstanding his accuracy, becaoie fail 
processes were imperfect. 
Method of de- "^^is method, which I have already pointed out, consists in 
tennining the taking liquids, from which nothing is separated by heat but 
of^^fferent" water, and boiling them at very difiisrent temperatures. For 
temperatures, example, sulphuric acid, more or less diluted, and to place the 
hygrometer under glasses moistened with each of these licjiwls, 
and observe the degree at which it becomes stationary. On the 
one hand, from my experiments, 'the density of aqueous 
vapour, which is to that of air as 10 to l6 ; and, on the other 
hand, we know the degree of ebullition, or the intensity of 
each liquid enclosed along with the hygrometer, under Iho 

glass 
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glait j^r* and« coosequently we have all' the necessary data for 
solving the question. I am at present occupied upon \t, and I. 
trust that the results will be interesting for hygrometry. 
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Eeply to Mr, Farey on the Phenomena of Shooting- stars. 



To Mr, Nicholson. 



SIR^ 



THE ardour and modesty that characterize Mr. Farey's Statement ; 
rejoinder to my remarks on his hypothecs, are but **l*^^^'*"" 
iMustrations of the well-known parliaiity of every projector totionsiiave 
his own scheme. In that communicaiion no new facts of been made, 
importance are stated in support of the hypothesis ; nor is the 
statement I have opposed to it by any means d'uproved. 
Under these circumstances^ I sliould not hdve tioubled you or 
your readers^ by any notice of my opinion, had n<»t the papsr 
in question contained some misrepresentations, which I feel it 
essential to correct. I shall eifcfct this as briefly as possible^ 
since the extension of a discussion of this kind, is only useful ^ 

when it serves to elicit new facts connected wiih rhe object of 
inquiry ; and I shall not notice any farther communication on 
this subject unless it oflfer such facts. 

Mr, Farey's first paragraph represents me as having 
" insinuated** that he had " exulted'' in the discontinuance of 
Mr, Foster's obervations. A reference to my paper will 
prove that this repre^atation is erroneous, neither the word 
*' ejr2t//e(/'* nor any synonymous expre&sion is to be found in 
that paper. 

The method pf observation recommended by Mr. F viz by The heights of 

two or more ot>servers at several unles distant from each other, ^"'^^'^^. 

h<»realis 

&c. is well known, I presume, to ever\ one conversant in i.nt woll 
natural ptiilosophy ; but it appears from the observations of this determiiied* 
kind that have been made on the aurora boreali(i(a phenomenon 
more favourable to their applicatioOj as less transient itian 

aieteois 
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tnetwn) that rhe hdghth ami dtsfaace of sncti ajspcarmcev H J 
niit »o acimralciy appfeeiable, m \i warrant a posiiWc concdiH 
in ihis respeLt, The ditftreiice in the dedaciion* of v«y I 
eminent ftlitloso pliers is, indeed, very remarkable. 
Cavendish Catimaivs the bright of (he aurcra at or under 71 i 
miles*. Mr. Djlmn ami Mr, Ciosthwaite at ISO milcsf. \ 
Euler, Mairaii, Ac, al viiioiis height*, e&lendiiig in Botot- 
msUricn tu 300 Icagncsj. 

The conclusion of Mr Kirey's fourth paragraph, page iggi 

appears to n-pre^ciil eleetricily a! anhypfitbeticalprincii'le.onc* 

employed in explaiialion of natural phenomena from " faikion" 

only. This requires no comment. 

Wiooilni:- stars I repeat that what Mr. Farey calls " aliooling-siitB," bavB 

claiiiiy an well heen frequently observed in cloudy as well as cltrar weather, and 

«> riiiip in (lie presence-of considerable exiraneoti! liglit, (even durm^ 

the illominatioti of tiiealniosplicre by the aurora) and I kno* 

not how the observatlone or assertions of an individtiai; or 

unsupported by concurrent testimony, can be said'to"deddeiS' 

ly prove" any ihtn^. 

In paragraph 7 1 am represeTited as mistaken in ctJtl= 
ceivlug Ml*. P. to hart assL-rted, thai the larger class of mefeftii 
arw not sometimes visible on moon-light nights, S:c. Mr. F,'» 
statement of his hj'potbeiis would have wananted such all 
assertion, but J did not make it ; on reference to my papef 
(Jotinial.VoI. XXXIII, page3-t.) it will be found I eicpreiiiy 
state" BMALLcu MKTEORs" (sliooling stBrs.) 

Ab the small-r meteors move with " immcasufultc velocity, 
and Mr. F. hag represented tbem as satellitula;, I hare stated 
ibaiifwt admit his kypotkcsii, wemtist admit that planet4r|r 
(orsatelliiic) bodies may move \eitb " immeosurabk velodly,' 
and become luminous onfi/ wbeti they dip into our aimospheret 
An inspection of the eighth paragraph io Mr. Farcy's rejoinder^ 
(Joumali Vol.XXXIVipage 293.) will shov? his curiol 
lion of this statement. 

If Mr. Howan], or Mr. Forsier, coocor with, or dlisent 
from my statement, I know not ; but in the last number of Mr. 
TillOcb's Philosophical Msgazioe, it may be seen that Mr^ 

• Pl.il. Tram: for 1750. 

t Dulfoii'f Mclrorolocical Essays. 

} Mtwoirciitk Brrliu, Bee alio Herltioloa dri M(l«OT«s, to 
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SmMr continuei his " meteoric" abservRtions^ nnd tliey are on 

that occasion quite opposed to Mr. Farey'i " decided prrmf." 

If " shooting-gtars," or " falling-starf," are tenns between 

t*fcich there is aprefet-ence, that fact does not appew to be 

sierally known ; they are both exiengively, and in many caM« 

llndiacriminaidj' employed. 

One of the large meteors itKntioned in my former paper, Mpieors and 
f bccurred in a cloudy almosjihere, but it ditiippeared without p'',ob^yv'iu' 
ising liehind any cloud j from the ai^le under which I saw ilic lowirrair. 
, it appeared lower than those in ihat part of thealraos- 



F«!ling-sl 
I Mtind doudi. 

Lsmi, therefore, t 
T tions ; he may a 



i I have frequently observed to i 



»(planalion of the origin of any meteors, 

e no relevance in Mr. F.'a concluding obserra- 

3t have " travelled far enough in theory," bat 

Clle has entered ihe region of hypothesis, and whether the terra 

ft Utat he has sheeted " planetary," or " sateHilic," it is equally 

"hidiflferem to the cause of truth. Mr. Farey may dissent from 

Miy of the facts I have stated, but to dissent from, ji DOttq 

vKi^rove. 

I remain. Sir, 



With great regard, 



&J.SINGSIL 



Prituxs-ttrtet, Cavtndith-ty, 
jiptil 5th, 1813. 



xiir. 

I S3u method of steamijig or <aoking food far cattle. By I. C 

Carwen, Esq*, of ff^kingloa-Hatl, Cumlerlemd. 

Extract t from Mr. Curwen'i Lctten. 

IN the prosecntion of the system I liave practised for som* 
years, of giving cooked food to all animals, the main im- 
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Means and ad- pediment has been the coit of labour and fuel ; to leaaeo tbeone, 
f^ina:^ catti ^"^ simplify the other^ have been my constant endeavour j ia 
with steamed this at length I conceive I have been completely successful $ 
food. ^„^ ^^g^ J ^g^y^ thereby removed those obstacles, which weie 

opposed to its becoming generally > and, I should say, uni<- 
' versally useful*. 

jKach of the two steamers which I use has three boxes, 
containing eleven stonp each of chaff, (the husks of com,) 
which in boiling gains somewhat more than two-thirds of its 
original weight. Wheat chaff, which alone I use, is commonly 
thrown upon the dunghill, as of no value but to augment the 
quantity of manure. It requires three hours to be sufiicieDtl/ 
boiled. The same boiler works two sets of boxes ^ by the 
various stop-cocks the steam can be made to work either oae, 
two, or all three. boxes of each set. 

The usual consumption of fuel is two pounds per stone. 
I estimate the quantity done every day at the Schoose to be 
equal (o one hundred stone, or thirty-three of chaff, which 
takes sixty-six pounds of coal. As the expense of coal is not 
great here, I should not suspect much economy is practised j 
even at the price of coals in London this would not be above 
sixteen shillings per week. Two pounds of oil cake are 
allowed to each stone of chaff. The milch cows and oxen 
are fed twice, morning and evening, having an allowance of 
one stone at each time. When taken from the steamer, the 
food is put into wooden boxes, which are mounted upon 
wheels to be drawn by a horse. As the chaff and liquor require 
to stand some time to cool before fit for use, there must be 
several of these boxes to put the chaff m when taken from 
the steaming boxes. 



* The Society have given a wood-cut The boiler is globular and 
set as coppers nsnally are; it is provided with a feeding pipe, iM 
safety valve, and the steam is conveyed by a main leaden pi|ie, with 
branches, into covered boxes, containing the food. Each box will hold 
11 stone of chaff. This boiler of 100 gallona is provided with six boxes, 
three of which, by means of the pipes and cocks, can be worked .wl^ 
the other three are filling or emptying. 
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The coil of food for each milch cow per day. 

CbafF, (wo stone, steaming, &c. 
Oil cake, four pounds. 
Eight Slone of turnips, 141b, per stone 
Wheat straw, 



HeanaanHB,!. 
vantages cf 
feediui! cmlle 
vrilti stciUned 



Total 10 



The average of milk on a stock of thirty-six milch cows, 
was nearly tbirleen wine quarts for three hundred and twenty 
days J one hundred and forty-lwo thousand quarts were sold in 
fifty-two weeks, ending the 20th of Sepiember last, selling price 
id. per wine quart. The calves brought from 2/, to 5/. each 
for rearing. Theproduce is nearly half clear profit, estimating 
Ihe manure as equal to tbs labour. The milch cows are never 
■offered to be turned out. To prevent their being lame, some 
attention is requisite to have (heir hoofs properly pared, and 
(hat they stand with their fore feet on clay. 

The condition, health, and milking of the cows fed upon this 
plan at the Schoose, has created a considerable interest, and 
called forth particular attention from numerous visiiors. The 
contrast between the condition and milk given by these cows 
and those fed on grains, as most, if not all, are in and about 
' the metropolis, seems an object well deserving attention. 

Most, if not all, the milch cows at the Schoose are in such a 
condition, that a few weeks feeding after they are dry, makes 
them fit for ihe shambles, with very little loss from the first 
cost. 

Compare this with the state of a Loudon dairy j— what may 
be Ihe average loss by deaths I know not, but when done milk- 
iDgt their value for fatteniog is very little ; ihey are so low in 
condition. As a substitute for chaff and oil cake, I should 
recommend cut hay. This steamed would make a much sh. 
perior food ; and, I entertain do doubt, would greatly augment 
the milk, as well as benefit the health and condition of the 
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Means and ft has struck me, that the sagar wash mieht be found of 

feedini? cattle g^^a< service for boUing the hay. 

with steamed As I have never seen an instance when cooked food has not 
^'^^^' produced a striking improvement in the condition of cattle> I 

am stroDgly prepossessed in its favour. My representationt 
have had their effect with one gentleman, Mr. Isaac Frank- 
jyn^ who has a dairy farm at Oxgate, on the Edgware Road, 
4^ miles from Paddington turnpike ; and who lately had a dairy 
in Henrietta Street, Cavendish Square. An apparatus oaade 
here, is on its way for him. 

la order more fully to satisfy the Society, that this statement 
does not rest on a prejudice, natural to every projectcMr of any 
plan, I beg to refer to Mr.Tubbs, who on seeing the daiiy at the 
Schoose this summer, was so struck with the condition of the 
cattle, tiiat he promised to use his influence with Mr. Welling, 
to attend the meeting in September. Nor shall I rest on tfao 
respectable authority of Mr. Tubbs only $ but refer also to Sir 
George Paul, fiart., who will recollect, that before l^e saw the 
milch cows, I observed to him, that if the condition .of the 
whole stock did not surpass any he had ever seen, I was ready 
(o admit my system had failed. I need scarcely observe, that 
the strictest attention is necessary to see the cows always kept 
clean, and never to suffer the least heat to appear upon,- their 
skins, without an immediate application of black soap and 
water. They are also regularly carded or curried, and caxe 
taken in keeping them in a regular degree of temperature. Any 
considerable change affects their milking. I gave cooked ibod 
from October to June, nearly ei^ht months out of the twelve. 

No branch of farming is so profitable as the dairy, when 
properly and well managed. By the mode I propose, I flatter 
myself there would not only be a great saving in expense of 
feeding, but also iu the depreciation and loss sustained on (he 
capital, with an augmentation in the quantity and quality of the 
milk ', I find that twelve wiue quarts of the Schoose. nailk, will 
give from sixteen to eighteen ounces of butter, which, is little 
inferior to what can be got at the height of the grass. Mncb, 
in my humble opinion, is to be gained both by the individnal 
and public. 

Milk in London, from its present price, must be considered 
as a luxury; Reduce the expense of procuring it, lower the- 

price» 
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prioej and oiore than double the quantity might be sold, with Moaiif and 
the greatest benefit and comfort to the bulk of the community. fe^edliMoItttlf 
This object iy attainable^ leaving a handsome and liberal profit nith steamed 
to the oow»keeper« and I verily believe would be^fiected by the ^^^' 
system I propose^ 

The plan I have now the honour of submitting to the 
a^iety has been adopted by Mr. Hariey, of Glasgow ; by 
"hfy^or Ferrand, and the Reverend J. Penny^ in the West 
B^ipg of Yorkshire^ and many others ; and in every instance 
it fana^^een found most completely to answer. 

From Mr* C*s second LeUer, 

Though great and important improvements have been made 
in Agriculture in the last few years^ it is far distant from per* 
fection even in the most improved districts. The comfort and 
happiness of the many has always held out to me the strongest 
iftcentive for exertion, and no part of my farming operations 
have yielded me equal gratification as my dairy. The result of 
what was done at the Schoose last year has confirmed my 
opinion, that a plentifal supply of good and unadulterated milk 
ii of the highest importance to the comfort and health of the 
kiwer orders ; 145>000 quarts of new milk were sold in the 
last twelve moiithtf— Milk is now become a necessary of life-— 
Five years ago the amount of the total sale to the town of 
Workington, containing between eight and nine thousand 
souls/ might be 1,500/. per annum, or at two pence per quart, 
wine measure. 108,000 quarts — From the best information I 
can obtain^ I conceive I am warranted in stating the present 
sale of milk to be above 5,tXX>/. per annum« or 600,000 quarts. 
Ttius the proportion to each individual in the year 1806, would 
be 2d quarts, in theyear ISll, 60 quarts. The truth is, that it 
was but in partial use. I believe I may assume, that what was 
the situation of Workington a few years ago, is that of the 
greater part of the kingdon at present. That species of human 
food which is produced 7n the'greatest abundance with the least 
consumption of the fruits of the earth, is a luxury, and not as ^^ 

it ought to be. One of the staple articles of consumption. The 
time and attention I have bestowed on this subject, have given 
it an imporiadce in my vieN^V that may surprise those who have 
only coDsklefed it superficially. I am disposed to believe much 

F 2 national 
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Mcahi kBd national bonotit, at well m national bappinen, might be obtain* 

rf'fclelr*' " cti by directing i ho attention cf itie ftrniM to this branch of 
»Sh agricollurc, which is but ill-understood. Yoo will pardon mo^ 
[ itnuned food, „l^g„ j „j,_ ,1,,, „gn i^^ ^^Xnw in and near ibe meliopolis, are 
under most defective management. According to the usoal 
rate at which improvemenis (ravel, and gel into geniTal practice, 
it will require many years lo introduce animal cookery. It 
proposes several objects. Of one 1 have no doubi, a great 
incieaseof milk of a much better quality. I think in many 
situations it must contribute to reduce the price at which it ii at 
present sold ; when a dairy is properly atleoded to, two-lhirdt 
of the cows now kept would give a larger quantity of milk. 
That instead of there being a most serious loss in ihe conditioa 
of Ihe Slock when their milk failed (hem, they would be very 
nearly in a stale fit for the butcher. The loss of capital to the 
cow'keepers, is a very serious drawback from tlie profiis of ths 
business; and were this ihe only object, ii would be well deceiv- 
ing of attention. 

I should propose that the society should bold ont some 
encourage men t to induce ihe cow-keepers to visit ihe Schooie 
farm. If ibe siaietnent I have made be found erroneoui, the 
expences of the persons who may be induced to andertalce ao 
long a journey, shall be at my charge. All my anilety would 
be, that ihey should bestow ihe time necessary folly to cooi> 
prebend (he plan. If ihe testimony of thousands who bava 
seen ihe Schoose warrants confidence, I may assume it : not 
is thai (he only ground ; it has been also tried at Glasgow,- and 
in varions pans of the West-Riding of Yorkshire, wiib the 
roost complete success. The price of grain renden the stop* 
page of the distilleries absolutely necessary ; this will deprive 
the cow-keepers of a considerable portion of food for ib^r 
cattle. In order to prove to ihem what might be eiipected 
from ileamed hay, I am trying four pounds of clover hay, 
boiled with chatT, instead nf two pounds of oil -cake ; I am 
sanguine it will answer. The milch cows drink the liquor ia 
which it is bojjed with great avidity. When hay could bo 
afforded in greater qaanlities, any proportion of liquid might 
be had i by siearoing, two tbirdi is added to ihe weight. I 
have, in various instances, in the course of the last twelve 
months, sold to the buicher, at or rery near prime coil, cowa 

tbat 
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^^al were pring from Ibree to four quarts of inilk at the Iwq Meam anil 

veali. T(»e co.i of keep being wilraaled at ten-pence per ^ff""^"!!' 

day, when itie quaniiiy does not exceed five quarU there is na CBitk witli 

. frofii. and the gelling rid of them is an object. tteaiuid faoi. 

The amount of milk sold in the nietropolii is calculated lo 
fee 1,250.000^. annually, or 60,000,000 nf quails, this, sup- 
posing 1.000,000 of inhabitants, allows sixiy quarta to each 
individual, equiil lu whai is consumed [>er head in the town of 
Workington, But it will occur lo those who have any acquain- 
tance with ihe metrnpolis, that milk is consumed only as a 
luxury i and i^ not in use with (be lower classes j indeed, it is 
in inverse ratio j and, instead of being the cheapest, is the 
dearest food. Supposing the produce of a milch cow, fed wiib 
grains, &c. to be ten quarts per day, for 3'2Ddays, or 3.200 
^oar<s, it would require 18,750 cows, lo give the quantity of 
milk Bold ; a preiiy strong proof of the adulteration which takes 
place, as I do not suppose there h near thai number kept. 

The cost of feeding on steamed bay, I should suppose to be 
nearly as foUowi : 



One and a half stone of hay, at 61. per ton 
One stone drj do. I4lb. to the stone 
Steaming, labour, &c. . - . 



S. d. 



% 



If I recollect right, 2/. W, per day, was Mr. Welling'i esti- 
mate of ilie cost of feeding milch cows some years ago. 

Prom what experience I have had at the Schoose, I estimate 
Ifae produce of each milch cow at twelve quarts per day; this 
would add I2,ODO,000 of quarta, on the DQtnber of cows lup* 
posed lo be kept,— say. 



12,000,000 of quarts at W. ... 

Suppose only a saving of %l. fier head, in i 
number of cows, frotn superior health and ci 
ditioa ...... 



400,000 
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MjMMs amd I Mieve I sboold be warranted in f tatiog tfaie aetuti loss df 

^f^ ^ S ^ ftt^l t^ <iairy men at 5/. per head' on 'big stocky in the neigbbomr* 
with fte«pM«l hood of Ik>odon« b^ their present mode of okanag^ment. 
^^' Suppose my estimate correct of 18,750 miich cow», valuing 

them at i2Bi» one with another, would amount to BH7 j5O0l, - 
If I have succeeded in my endeavours to impreto upod tlw 

6o!Qiety the magnitude and importance of thb object^ I shall 

liieel I have done some service. 



a r 
p J. 

■1 > ■ 



f hpe the honour to be^ with great respect. 

Dear Sir, 
Your obedient and humble Servant, 

I. C. CUR WEN. 



Wofkington'HaU, Nov. I5th, 1811. 
■J ToC.Tatlor, M. D. Sec. 



Letter from Mr, Franklyn on the same suhfeii. 

' I feel it a duty incumbent on me^ as it may benefit the pub- 
lic rft large, andlikewtile as i tribute of gratefbl respect to mj 
ftoc^ured friend*, Mr. Curwfen, who first' recommended to lie 
♦he Vise df stemmed food for my cattle, tb ibfonft y©u, tbat I 
1S3Ve made a long and decisive trial thereof, and Jiave found it 
'to answer, both in respect to the carcase and milk of my cows. 
They daily . increase in qoaptUy, and ^ qy^^y-af the. Bi^k is 
fer superior to ^ny I ever aayir. 

,1 give . stPi^med food once ^ day to my horses, pameLy^ in 
)fa^ evening when they have doQ^ W^K ^^.l $^ it.to answ^ 
ipuch better than dry food.. . .i,^. .. , :^ /jt , ( / :.■ ■-.jt 

" I was accustomed to feed my cows witli^is^(i|/ Iwi 9^ 
green food, but since I have given them the boiled hay, they 
haVd not had any grains nor green cneat, and I find tl\e Qi^^t of 
VhiftirYeep lo be less than when i fed them With grains. In 



short, I feer hiy self so well colivi heed of the advantages re* 
suiting from tlie dse of warmTood,' tliat 1' db riot intend, 
again to have recourse to grains. 



mtend.^f^er 



*"Tfhe Hquor or decoction from the hay, which is taken froito 

the 
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the bottom of the steam boxes^ is greedily drauk by the cows Means and ad- 
before they begin to eat the hay. fe"'m ^aittl 

I am^ with steamed 

Dear Sir, ^'^^' 

Your most obedient Servant, 

ISAAC FRANKLYN. 
Oxgaie Farm y Edgware Road, 
Welsdon, Middlesex, March \d, 1812. 
To C. Taylor, M. D. Sec. 

Estimates of the difference in expence of feeding twenty -eight 
Milch Cf*ws on grains,. tSfc, and on steamed food, each me* 
thod tried for one week. 

Feeding with grains, ^c, 

/. 5. d. 

Thirty quarters of grains of eight bushels each, 

at 45. -- - - - - -600 

Cartage, &c. - - - - - -2 10O 

Seventy trusses of rowen, or second crop of hay, at 

2f. 3c^. each truss weighing four stones or 56Ibs. 7 15 6* 



L. 16 5 e 

The above is, within a fraction, is, Qd, per cow per day. 

Feeding with steamed hay and rowen, 

I s. W. 

Hay steam^, forty-two trusses, 2X^5, id, - • 6 g 6 

Mens* wages, chaff, cutting and steaming - - , 15 O 

Expencies of fire - - - - O 7 O 

Seventy trasses of rowen, at 2i. 3g?. - - - 7 15 6' 



L. 15 7 g 



This i8> within a fractioDy is, 6{<i. per cow per day. 

The balaoop in favour of .the ateamed ;hay is.lSs.Qd^^t. 
week, betidf^a the betjt^^condhioo and value of the carcases 
of my cattle, the great tncresse of .toiik aod superiority of its 
quality. I deduct th^ peqce per trasa from the preaent 
average price of the bay used in steaming^ on account of 

tha 
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Ifeaiiaandad-'tiB Cartage an4 It 
'koXi-es of consumed at liome. 

teilinc calllo . ,. 



rket expence* which arc saved by iU being 
I put \d. per day for fire, though I do not 
any thing, as the water from the sleain 

boiler serves Id clean the milk uienslli, for which the firing 
used lo cost me as much ; besides which I apply the steam to 
many culinary purpoies, having a pipe communicaung from 



o tny kitchen. 



ISAAC FRANKLYN. 
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Geological SodelT/. 

April 2d, 1813. 

W. H. Pepys, Esq. Treasurer, in the chair. 

The reading of a memoir by Mr. John Farey, Sen. on the 
Aihover denudation in th« county of Derby, was began. 

The first pan of this paper conaiacs of minute local observa- 
tions, incapable of abridgment, relative to the I'noaculalion 
ridgei, the Basset ridges, the partial incnrvallon of the beds, 
and the ascertained or supposed laults. 

Apnl23d. 1813. 

The president in the chair, » 

Thoma." Gregory, Esq. of Bayswaler, 

Thomas Botfield, Esq. of Hopton Court, near Bewdiey, ' 
were severally elecied members of the S(i.;iety. 

A notice by the Rtv. J. J Cjnybeare, M G. S. relative to 
the Slate of Tintagel, in Cornwall, was read, and thanks were 
voted for the same. 

The slate quarries of Tintagel are sitasCed close to the sea, 
about six miles N W, of Camelford. They are worked on 
a large scale, and are celebrated for the escellcnt quality of 
the roofing slate whicii they afford. No dykes of granite or 
of porphyry have been observed in this rock, but there are 
veins which afford quartz, rock crystal of great transparency ' 
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and beaut}>, calcareous spar, chlorite, and, in some tDstaocei, 
adularia, The slate of Tiatagel appears (o bear a near resero- 
blaDce lo that of Snowden, and, like it, occasionally presentA 
the impressions of bivalve ahells. 

The reading of Mr. Farcy's paper on t\!e Asbover denuda- 
tion, was concluded, and ibanks were voted for Ihe same. 

This portion of Mr. Farey's paper contains a detailed acpouot 
of the several strata represented in the map and eections, be- 
ginning from the lowest of those ihai are known. 

The fundamental rock of Derbyshire la the tburlh limestone. 
It is supposed CO lie at the depth of about 350 yards below the 
level of ihe river Amber, in Asbover valley. It rises towards 
the surfai-f untler Matlock valley, and actually ba^seis in Griff- 
dale. The thickness of this bed is unknown ; but as the deep 
vale of the Dove is enilrelj excavated in it without discovering 
the bottom of the bed. ita thickness cannot be less than 350 or 
400 yards. It is generally a pnre calirareoas free stone, of a 
whitish yellow colour, disposed regularly in very numerous 
strata. These consist either of very white marble, or of aggre- 
gations of small rhombic crystals. Triwards the top ii is very 
compact and porcellaneouq few of ihe beds are withotlt or- 
ganic remains~in some are found small anomia. In others eo- 
trochi, or lurbinattd shells, cornua ammonis', nautili, and 
brancbingcoralloids. This rock is superficially cracked, so as 
to present a columnar apfwaraoce — beneath it is much rent, 
and abounds in shakehole and large caverns with water swal- 
lows. Some of the fissures connected with ibe surface are 
filled with clay, sand, and quartz pebbles. The veins are 
filled principally with calcareous spar, heavy spar, and fluor 
spar. ■ They also contain in their upper part galena, calamine, 
manganese, red iron ore, white China clay, and stratin. 

Upon Ihe fourth limestone lies the third loadstone. The 
most eastern basset of this rock is at Bonsall upper Town. Its 
thickness in different parts is very variouH, from four feet to 80 
yards. Its usual appearance is thai of a cavernous strong mass, 
of a dirty purplish brown hue — often it is of a dark blue cola Ut 
with chining specks as hard and sonorous as cast iron — also 
of alight green or bluish grey colour, and rarely it appears of 
a gritty yellowish Hone called Davestone. Its structure, when 
recenlj Li amygdaloidal, the cavities being filled with green or 
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white globules of calcareous spar. The veins in the fimcv 
•torie, above and below this stratum, have rarely, if ever, 
broken through it, but rents proceed from these into the top 
and bottom of the toadstone, in which galena and the usaal 
veinstones are sometimes found. 

Third Limestone, The most eastern basset of this rock, id 
the line of section, is on the western slope of Massen I/tw. 
Its average thickness near Matlock is about 80 yards. Its 
colour varies from grey to brownish black. It includes several 
beds of swinestone, with layers of dark groy inodular chert. 
Its oi^antc remains are numerous, and it abounds in mTberal 
veins that afllbrd galena, calamine, and blende included In cal- 
careous spar and heavy spar. 

Seamd Toadsione. The most eastern basset of this rock or 
in Matlock high Tor. Its average thickness is about 80 yards. 
Its colour is yellowish or bluish grey. Some of its beds are 
magnesian limestone. Its principal organic remains are en- 
trocbi. It contains metallic veins of galeva, calameric, and/ 
it is said, of copper. 

First Toadstone, The first regular basset of this rock ap- 
pears to be in Matlock high Tor. Its average thickness is ' 
abocit 28 yards. Its general characters diflfer little firom those 
. of the third toadstone, except tliat it seems disposed id more 
leguiar beds or strata. 

First Limestone, The average thickness of this rock is QO 
3rards. . Its usual colour is lightish grey. Near the top it . 
encloses beds of swinestone interlaid with darl: ox striped 
chert. The organic remains of this rock are anomia* eotrocbi,* 
oantili, and other shells, together with many coralloids. It 
abounds in caverns and water swallows, and in numerous ise- 
tailic rake veins, or long vertical rents. Massive flaor (Blue 
John) and elastic bitumen occur in this rock. 

The greator Limestone Shale, The average thickness of this 
rock Ts about 150 yards. Its general character is that of e' 
black or dark brown shale, inclosing beds of a soft yeHo.wish 
sandstone, ^ and of a dark blue limestone : also thin beds of 
chiy, iron, stone, and septaria. Its organic remains are not 
numerous, consisting chiedy of anemia, mya, heliciQSjaDd a 
few vegetable impressions. 

Fini 



or Milhione gric. Tbe average llilckness of lliis roclc 
IS aboa; 140 jaids. Ii is generally a white or yellowish coarse 
grained freesLone in ihiuk beds; but at ihe upper part of the 
rock is a coiiaiderable ihicknets of soft micaceous tbin heii, 
m lis organic remains are large reeda and flags, and occasionally 
"Pprralloids of a bone-like appearance, 
. Coal Fnrjnatioa. Tbis lies on ibeMilstone grit, and consist* 
eigbtecn beds of gril and of shale, llie aggregate thicknpss 
F whicli is 706 yards, and |)re5enls tbe Usual characters of 
u judependent coal formattoii. 



Whridged Account, or /Ihlracl of the " Elemen'i of Cryrtal- 
f'lngTaphy, ty F. AccuM," in 1 vol. 9i'o. Pp. 301, ifi(A 4 
■r plates and numerous wood cuts. Longman and Co. 



ilhor in his preface remarks, iliat considering bow 
ich the philosophy of the mineral kingdom has of late been 
Iwnced and perfected, by tbe applicaiion of Haiiy's theory, 
id the light it has thrown on some of the most obscure 
■hes of Mineralogy, 11 is surprising (bat no English work on 
Tiie siniclureand formaiion of cryslah has yet appeared ; whilst 
on other departments of the science of minerals, many excel- 
lent works have been published. He offers ihe present Treatise 
ibr tbe purpose of initialing into Ihe principles of crystal lo- 
iphy, those who possess no previous knowledge of it. 
As the theory which expbins tbe production of crystalline 
and their raetamorphosei, abounds in malbemaiiral and 
slgebi^ic calculalioos, and cannot be studied with ease and 
SucccM, by such as are unacquainted with the mathematics ; 
be has ihoaght it desirable, as has before been announced in thii 
lurrtal, lo prepare sets of models to which reference is made in 

The dissected models,are so constructed, that they can readily 
Be taken to pieces, and piU together again in various ways, to 
give a distinct conception of the la^vs of that geometry of 
nature which are followed by tbe integrant particles of crystallii- 
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able bodiei when (hey combine, and the orderly arrangementf 
of which produces aymnielricBl crjeiuJ*. These will, do doubtj 
be very useful, panirtiiacly lo luch as are unacquainted willi' 
inailjematics.and mitjbl, on that account, be scarcely, withoal 
Rucb anaiiiaiice, enubled to Mudy this ioieresiing departnaent oC 
■cicnce. The designs whirh accompany the w 
the coinpli:'ie figures, and render Ihe rnodels not indispensabls* 
bat supplenieiilary, for more readily understanding ihe lubject; 
Tlie wood-cuts, which amnunl 10 upward'i of 100, and plaia 
introdored iiiio lite work, in Ulusiraiion of ihe laws of (be' 
■cience, render (he crystaliogrjiphlc model* super Bou» lofboa 
whu are familiar with geoiueiry and linear peiapecilve. Th« 
graphic designs of ihe crystal:* haic been tiaced by the nieiboJ 
of projecriuni ; the entire lines represent the edges or oullioa 
of (hat part of the solid immediately lamed towards ibl 
observer ; aud ibe dulled lines eiiprt;« ibose edge« wliidi arc h 
the npiKisiie part of the solid, and which of couroe ihe obseirei 
could iiDi see, nnleis ihe solid were dia| hanoua. 

Ilie wurhis divided ii)lii4 pnrls, and each part is again subdivi^ 
ed inlonecliont. The lirst puiluf the Treatise is introduclorjr H 
the 3 lullowtng, and U divided Inio 4 sections. It treat* on tb^ 
general nature of the process of crystalliiaiion — ihe dixposiiioo 
of (-r> stalli^abte niati rials of diflerenl kinds, to assume a certaio 
number of geometrical form*, peculiar to them, and no others— 
the rectilineal inietior utruciure of crysialhue solids, tbeif -, 
increate or growili, slating it to lake place in such a way I 
eve y thing which eniiied at each period of growth of«l 
cryi>lal. remains li|cd, and so as to pre^Qt on alt sides 
it were fur ihe crjsiallisable maierislB which arrive 
taining ihe edilice, and thus contrasting it with the growtft c^'fl 
organic beings, and general deSnilion and objects of the s( 
of crystaliiigraphy. 

The 2d section exhibiia the praciical means by whid 
crystallisable materials are made tn assume symmctTical fbmu^fl 
the cry M alligation of saline, metallic, sad other bodies 
induced by ihe processes of soKilion, fusion, subllnulioi^ ^ 
cbemical affinity, &c. The cin-nmstance which inflnencea tba J 
crystallina processes— ihe rating of crystalline energie 
ditfecent budien — iis adnieiasutenieni and other practical stater ^ 
ments relating to the aitihcul cry s tail tsatioo of bodiea. 
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The 3d aod 4th sections give a rapid view of the geometrical 
defiDitlona employed in crystallography — tlie admeaaQrement 
of ihe angles of eryataU, with a description and qbb of the 
goneomeiers of Wollaston and Carangcau cmploj-ed for that 
purpose. 

The 2d part commences with a general view of I he con* 
■tilution of bodies, and a sketch of (he theory of cryslnllograpby 
of Haiiy — >it is there shown, that all crystal?, however com- 
plicated (heir forms may be, contain wiihiii them a geome- 
trical nucleus, called by Haiiy (he primilwe farm, which 
has, under certain reslHclion, an invariable abape in esCli" 
chemical species of crystalline sdid, and which may be extract* ' 
ed out of all of them, by a skilful mechanical dmseciion. 

The 2d section of this part, shows the mechanical dissection^ ' 
of crystals, to develope the primitive forms, their nature, their 
number, and situations in different bodie.a, and general inference!' 
relating to the mechanical analysis of crystalline bodies ia 
illustration of the theory. The dissections are illustrated bf ■ 
graphic projections, and rendered farther striking tothesensn 
by dissected models, of which reftieoces are made. 

But the primitive lorms of crj'staU which are considered S) ' 
bodies of a constant geometrical form, inscrib-dBymmeirieally 
in all (he crystals of one and the same chemical compnEltion, 
are not the ultimate result to which the mechanical dissections 
of crystals may be carried. 

The 3d section shewSj that the primitive forms of crystals are 
divisible in a direction parallel to their faces, and sometimes also 
in other directions, and (his in the latter case must produce 
solids, which differ in shape from the primitive crystal to which 
they belong, and these !iolids,(hus obtained by different modes of 
diasecliong, are called, by Haiiy, the integrant particles of 
crystals. To illustrate this statement, numeroos examples are 
given. The sketches and dissected models advanced on ihii 
occasion are (he following : the rhomboid of the (ourmalin — the 
hexahedral prism of phosphate of lime — the cube of fluate of 
lime, &c. 8tc. 

The -Ith section, in a similar manner, elucidates Ihe laws of 

decrements of the structure of crystals, or the laws of crystalline 

arobitccture, according to which are produced those arrange- 

cnenu 
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meots of pariiclet or regular coverings which disguise, ander 
such various forms, one and the same prinoitive form or nudeoi^ ■ 
and which give rise to such au infinite variety of crystalline solids ' 
' as are met with in uature. The laws of decrements are detailed- 
in the synthetic form, and ilhistratcd by leading examples, all of 
which are rendered legitimate by tl^e methods of analysis, and 
synthesis by appropriate models, both solid and dissected, so as- 
to interest their mind, and to leave positive and exact ideas in 
the memory. I'iie models referring to this part of the work 
are the following : the rhomboidal dodecahedron, ooosidered as ' 
a secondary form originating from a cbbe as the primitive aolid | 
the prodqction of an octahedral solid considered as a aeoondafy 
crystal, originating from a cube as a nucleus-— production of Uie > 
irregular pentagonal dodecahedron originating also from a cube 
of the bi-pyraroedal dodecahedron, originating from a cabe at it- 
primitive solid. 

,io part 4th the author has considered the difference which = 
ewta between , structure and increment, as relating to the • 
product ion of crystals, and the alterations to which tbe^m- 
metry of cr}'stals is subject : and these are socoeeded by the' 
electricity of crystals-r- their double refraction,— -princi|^ei of 
Domenclature—amorphous crystallization,-r-table of crystalline 
formsj &c. &c. 



CAPTAIN Lisiansky, one of the celebrated Russian cireaoi- 
navigators, who a few years ago commanded one of. the. 
Russian ships in company with Captain Krusenstern round the 
world, has lately published, at St. Petersburgh, his curious and . 
interesting voyage, in the Russian language, which I under* 
stand the author himself intends to publish likewise in Engliih.. 
The work is already translated, and the materials necessary 
for publication are in great forwardness. I am informed 
that it will be more complete in English than it is in the 
original, as it will contain a greater number of drawings^ plates^ 

charts^ 
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charts, tables of longitude and latitude, variations of tfie 
compass, those of the thermometer, barometer, &c. ^vfaicfa are 
intended to be hereafter added to the Russian work in a sap« 
plementarjr volume. 



Phecursor to an £xpos€ on Forest Trees and Timber, Sec. 
(intended as a prelinainary introduction to a more enlarged wprk 
open the same subject) as connected with the maritime strength 
and prosperity of the United Kingdom and the provinces : 
with an Appendix, containing an outline of the dicnensions, 
force, and condition of the British Navy, compared with that 
of the enemy. Humbly addressed to his Royal Highness 
William Doke of Clarence, Admiral of the Fleet, &c. &c. &c. 
By Captain Layman, of the Navy. 8vo. 70 pages closely printed 
in bourgeois, with 1 copper plate, and many tables. Asperne. 

This work abounds with very rational observations, npon 
facts which are of the highest interest to the Empire and 
every individual in it. 



TO 
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TO CORRESPONDENTS, bfc. 



Circumstances have prevented thevuertian qfDr, Armstrong's 
commumcation later than was intended. 



I shall pay attention to the remark with which M. D. kms 
favoured mie in his postcript. It does not appear to mer iimi 
any practical advantage would result from plano^cmfex or ftmo 
concave spectacles, in preference to other lenses ^ like fod | 
neither do I apprehend that such lenses ought to he charged ai 
an higher price, supposing the workmanship and nmierials Jo to 
the same. 



L. O. C.*s Reply to Mr, Kerhy came too late for the present 
nssmber, hut will appear in the Supplement, 



The Engraver, by an accident, has spoiled the plate of Mr, 
Telford's bridge, which could mat he re-engraved in time. It 
will appear in the next number. 



The Supplement to Vol. XXXIFwiU tt pubBsked in the amrse 
of the month. 
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Discussion on ike Cause n/ the Figure of a Man, which uia§ 
fii7 med on the Ice of the Pondin Halnaker Pmk. In a Letter 
from Mr. Hobeht Hakrup. 



To Mr. Nidmhoi. 



SIR, 



I TAKE ibe liberly of sending you a few observations on the Obse 
remarkable appearance in Uie ice on the pond at Halnaker "" ','"'.'!'^' 
House, BO minuiely described in ibe last inimbcr of your pi^araoce oa 
Journal ;* at ihe satne lime offering some remarks on your ""* ''^* '" *^' 
iDgeuiona eipIaDatioti of (hat singular pbeiiomelioii, If I Halnikcr 
differ in opinion from a philosopher of your abilities and *''""s> 
enperience, it is with the greatest diffidence. If niy concepiion 
of the cause is etroneoiii, 1 bq>e you will have ibc goodneu to 
■et me right. 

You are disposed to think, that the effect was cansed by the The body of 
developemeni of heat in the body, occasioned by the putrefac- ^'^ d?d "oi 
tion or cbemicalcbange which must have tiiken place. I can- protiably gire 
pot perceive hpw ibis supposition is to be maintained, when it " ' 
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js expressly stated thai ike body was quite stiff, and showed no 
signs of putrefaction. 
or if it did it is This fact mighty indeeid, bave been inferrad from the lo\i\ 
rt*co'uld^ba*ve te^P^ratore in the month of December, and the other circum- 
been sufficient stances unfavourable to that process. Aware of this, it is 
throuSTtive o^**?rved , in the explanation that putrefaction may have pro- 
fcct of water, ceeded very slowly, on account of the coldness of the water 
and the want of communication with tbe* external air. But 
admitting the supposition in its fullest extent, that a slow 
putrefactive process was going on, sufficient to develope as 
much heat as would occasion a small degree of expansion in 
the water in contact with the body ; would not that additional 
heat be entirely lost, ol: more properly, given off, in all direc- 
tions long before it arrived at the surface, through a depth of five 
feet of water at that low temperature ? Even the greatest 
possible degree of heat given out by a human body in the 
highest, state of putrefaction, appears tome insufficient to pro- 
duce all the phenomena, or to affect so lajge a quantity of water 
in any perceptible degree. 
The smootli- Why was the ice of the figure smooth, while the other parts 
orer tlie figure ^®^® crumbly and soft ? It is evident, whatever the cause may 
is ascrihed to have been, that that part of the water directly over the body, 

softness of the ™°** ^^^® ^^^ ^^ ^ ^^^^® ®^ '®^' ^^ ^^^ surface when the frost 
other ice to commenced, while the other parts were subjected to a gentle 
duriBf*jfreez- ^g^^^tjon. This, certainly, could not have been caused by any 
iiig. degree of heat. 

Opinton, that ^^^ inclined to think, that some time affter the body sank to 

oily niarter the bottom of the pond, the water, by insinuating itself through 

body, and every pore, would gradually dislodge the oleagenous and greasy 

def^ided the particles adhering to the skin, and 'also whatever there might be 

water aliove of that nature under it — these would, undoubtedly, find their 

it from being way, by degrees, through the clothing and rise to the surface. 

the wind: ^°^ it has been well known, from the time of Dr. Fraoklin', . 

that oil or grease* in a fluid state, when floating on the soriice 

ef vRater, has the property of rendering it smooth and incapable 

of being a€ected by^the wind. This I apprehend wa^the ca^ 

in the present instance, and which affords a ready explanation 

of alW the phenomena. The oily matter as disengaged firom 

^ the body would rise in a perpecidicular direction tfnd form a 

thin stratum on the surface, whieh^ altboug(i difibsed^ would still 

contiQue 



' cODlinue In greater qoaoiity direcliy over its source, than on 
any oiher part. From ilie roaghneas of ihe ice it is evijeni, 

.' that when the frost came in, the surface had tieen gently 
agitated or rippled by ihe wTnd every where, excepting ihatiLeTee' 
place occupied by the oily film, which would necessarily be *'!'•""»' 



'au^lintru of 
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smooth and aCtcsi. 
congeal quite bo soon : 
been long knowD, llial w 
degrees Iwlow the freeii 
ou the slightest ngjiai 



(ha 



;vidEnt, that this part would 

it may be cooled many pj 



getatioii . 



point without 
le congelation i: 

Why Ihe figure of the hat wai not represented in ihe ice, is xiie figure of 
■ further corroboration of ihe foregoing opinion, as any oily or .""^ •'*' want- 
greasy fluid could [lot readily find a passage through a substance ' 
of. BO close a texture as full. 

The white line bordering the figure seems to have been ilie «liiie 
occasioned by the abrupt lerminaiion of the confused crystaUiia- '""^" '• 
tion.andthe transparency of the ice by the tranquil state of and tlic 
Ihe water in the act of congelation, by which ihe extraneous ^"jJ^P"''"^,'' 
particles, with which it was mechanicaily mixed, would be 
deposited. 

Willi respect lo ihe snow first coveting ihe figiire, and after- Why ilie 
wards disappearing it misht either have buen swept oft' by the fig'"''^ "as 

^^ I , , ■ , Ijarc of snow. 

winds, or, more probably, melted dunng the dny when exposed 

on so smooth a body, while that on (be othei: paits would be 
protected by the iucqualily of the surface. 



la 



Sir, 



Yourobedienl humble Servant, 

ROBERT HAKRUP. 

, Jprityih, 1913. 



ANNOTATION. W. N. 
Upon a subject which still seeraa to be obscured by diffictillics. Some facts 
I should, probably, have been inclined'to leave the farlbor *j'.';'"*™ '^ 
discussion to my correspondents, instead of making any remarks tlic plieno- 
myself upon the ioeeniom speculations of Mr H. if I were not '"^'"'1' "■*""''* 
' ' ° . , . , . . occasioned by 

led by his iuvitaiion lo point out a few circumiiancei which Qi]y„att«r. 
■(tpear to militate against his inductions. 

G 2 1. When 

/ 



BLECTRIC COLtTUN OF 20,000 PLATES. 

1 . When oil is pmired or dropped on water, it spreads on all J 
sides, wilh astoniabing rapidity {I suppose 5 or Q yards ia ■ I 
second) and smootlis the snif^ce by suspending tbe effect of (be I 
wind in forming iheprimary waVes; but it does not destroy tbe 1 
larger waves or the swell, nor prevent the undulations frum J 
being transmitted from the rougher parts into the smoother. 

2. The smoothed surface t9 carried gradually to leeward, and | 
after a short lirac, perhaps two or three minutes, a large pond, 
upon which oil has been poured, will become as rough as at 
first. 

3. The man was drowned about a fortnight before ibe frosl j 
i;ameoni which seeim a long time foriheoi*/ to have been ] 
rising and confining itself to a definite space in go small a pood: 
and if we suppose some process of change to have developed I 
theoil just at the lime of the frost, and not before, — this change I 
would alio be likely lo be attended with change of lemperatur 
Anti eveo then, since oil spreads so quickly, and has i 
tramieiit an eRect, and Mr. H.'s hypothesis supposes a wind to J 
have prevailed. It appears scarcely to be admitted that it could I 
have occ.-tsioned that permanent and precisely bonndud J 
quieseeiHK which his reaautiing demanSs, 



On the Effects of Twenty Thousand Zinc and Silver Plata, 
arranged as an Electric Column. By Mr. Gbobob Joh> ] 
SiNCCB, LecliiTeron Erperime'Ual Philosophy. 



An electric 
column of 

dibCR of silver 



that instrument on an estensive scale a desirable object. Trials I 
were previously made on the efli;ct of various methods of com- I 
bination, to ascertain tbe most etftcieut arrangement. That [ 
which has been here employed consisted o 
interposed between each piir of metals ; c 
lo the silver, the other disc unconnected » 
r A series of one thousand pairs of plat 



HE remarkable properties of the Electric Column, in-. I 
vented by Mr. De Luc,* rendered the coDstructioii of 4 



■ discv>f paper 1 
: disc being pasted I 
with either metal. 
s thus constructed. 



' PbiloiapUicRl Jonriia), XXVIi. !) 
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each plate having a diameter of 3-eths aFan incb/occasioos the pairs of S-atbs 
gold leaves in an elect roraeler. (whose cylinder is one inch and ^^e^'''co'D^''' ' 
a half in diameter), to strike ibe sides, at intervals of from half siantly alhet- 
a second, to twu or three seconds, varying at different petiodB. f ine elec- 

TheeKtremilies of the above cotumn being connected witb am] cliergad a 
the opposite coatings of a Leyden jar, containing about SQJ"'"''"^'' , 
n]Qare inches of coated surface, a charge was communicaled to ' 

it capable of affording a very evident spark. The period of 
'contact required for the production of this effect, was seldom 
.less than one minute, and do advantage appeared Co be obtained 
b; its continuance beyond iive minutes. 

The charge thus communicated, even at lis maximum, pro- and slight 
ducedbnta very slight shock, the secisatiott being only percep- 
tible at the pnititB of contact. 

Twenty columns similar to the preluding were now arranged. Twenty co- 
■o as to constitute a series of twenty thousand groups of stiver ^0,00;') puJri, 
and zinc, separated by double discs of paper. In this apparatus, 
beside the two extremities, and a central point, there are 18 
iptervening situations, at which an eleclrometer may be applied, 
the whole apparatus being insulated. 

The power of the apparatus was such as to affect pith ball had a conal- 
electrometers ; several of these were employed with balls one- y_o„ ^f,^ -^u, 
fifth of an LUch diameter, suspended by fine threads four Inches ball «lectro- 
4ong. The electrometers at the eiiremitiea of the apparatus bad "'*''-''^' ''"^■ 
(heir balls separated by its action, fretiuenily to the distance of 
two inches atid upwards, and thei)- divergence was rarely less 
than one inch and a half i the electrometer at the centre was 
not affected. Electrometers applied at iniermediaie pointi, 
between either extremity and the water, exhibited various de- 
grees of divergence, diminishing in inlensity in proportion to 
their proximity to the central point. 

When either extremity of the series was connected with the 
ground, that extremity became the neutral point, and the an- 
nexed electrometers divaricated, with progressively increasing 
intensity, towards the opposite end, where the original diver- 
gence was considerably increased ; but the electro- motion in an Tlie clectio- 
apparatus of this extent is so tlow, that some minutes are re- """'o" 'l"™- 
quired to produce the maximum of effect. 

A commnnicatloti between the opposite extremities of the Sparks seenut 



the opposilc 



■n<e single jar 
fafil one incb 
of very tli 



liiis desf rip- 
tinuc^d iuunili- 



blbctBic coldmn of 20,000 plvvths. 

scriM was prodoeed by a fine iron wire, separaied from actaaf 
contact by a slight layer of varnlah j a snceession of tnoall' 
bright sparks were llius produced, lliey were man apparent' 
when the point of Ihe wire was drawn lighiij- over the varnished' 
EurfaCe. 

A very ihin coaleil jar being interposed Iwlween ihe opposi 
ends of the eoliimn, it instantly received a charge, which, by 
conlinuing the contact, pro!;re*!>ii-e)y increased, and in ten 
nilnuleg becanoc so powerful as lo convey a disagreeable shock, 
felt een&ibly In the shoulUem, and by lonie individuals acrost 
the breast. 

Jars of progressively increased thickness and ofvnrinus ! 
were charged in the same way, and apparently to similar ii 
tiiy } bnt none of ihe charges ihns produced had suIBcienI 
power lo perforate a card ; thick drawing paper was the greatest 
resillance ihe most powerful of lliem conid overconie. Several 
jars, connected us a baUery, were charged in ihe same way 
single jar, but much longer time was necessary ; the effect of 
the shock, and its power of perforation, were not greater (han 
with a single jar. 

The thin jar first mentioned, (which contains about 30 square 
inches of coaled Eurface,) when charged by lO minuies cai 
with ihe coinmn, just fused one inch of plaiina wire, -n^- 
an ini^h diameler. The same efiect could not be produced by 
thicker jars of the same size. 

The electrical power of Ihe column has not diminished by 
live weeks constant activiiy, though, during tliat period, it 
tensity has frequently varied ; in some Instances its power has 
been sufficient to produce {ihougli faintly) ibe rtnligu rat ions o! 
Lich ten berg. 

Various saline compounds, linged with the most delicate 
vegetable colours, have been made the medium of commnnica- 
tion between its extremiiies, and the contact preserved for 
many days ; similar expeiimenls have been made with mei 
solutions, but in none of ibesc trials has the slightest irace of any 
chemical effect appeared. 

The cause of electric excitement in the colutnn appears lo be 
permanent. I have some that have now been consirucled 
wards of two yean, and Iheir power is in no way diminisbed 

cues 
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cases where the contrary has happened, I conceive the presence minUhed 
of too much moistore, and the consequent oxydation of the zinc yelJ-a' * 

surfaces must have been the deteriorating cause. 

Princess Street, May 10^ 1813. 
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On the JVood and Bark of Trees much magnified. By Mrs, 

AoNEs Ibbetsok. 

To Mr, Nicholson. 

SIR, 

IT was my intention that this letter should have concluded 
all I bad to recount oq the roots of fruit trees, and also of 
the same part in those plants which rise yearly from the earth ; 
but I find it impossible, (let my study of the subject have been 
ever so perfect,) to write properly on it, without having t()e 
object before roe. This, though it makes my labour excessive^ 
also, I hope, makes it more exact. The necessity of review- 
ing every part as often as I write on it, has made me correct 
many a fault, and destroy many an error, that would otherwise 
have appeared in my phytological review; but it will also im- . ^ 
pede my giviog the subject I intended, in lieu of ivhich I shall 
produce an ejiact delineation of wood, extremely magnified, both '^^ delineatcf 
in the root and .in the stem \ pointing out the va rial ion to be niuch i^agni* 
found in the two ; the form of the sap vessels ; the construe- ^^* 
tion .of the bastard vessels ; the management of the silver 
grain ; and shew also how the net is contrived in which the 
sap vessels are inserted,- and many circumstances that will draw 
their sources from this subject ^ and conclude my letter with 
dissections of the formation of the bark ) shewing how impossi- 
ble it is that that part can possess any returning sap vessels ; 
since, except those of tlip iooer bark, (which tlieir thick ]i<|uid 
so exactly identifies,) aJl the vessels ran in a contrary direction. 



WOOD AND BARK OF TRBES. 

latinnof I ghall now begin With the disaectlon of tbe wood of iheroot. 

FM>d. I, Qjg^ ^ g^jj i^ consist of four parts ; fig. 1. The sap vetseli, 

which are large limpte cylinders, without any division j B. (ba 

net ill which ihey are inserted J C. the bastard veeeeU ; D- the 
silver grain which marks each yearly circle j the sap cylinders 
engrms much the largett part of the root ; for though it is not 
such an absolute iponge as the radicles ; yet ibc apertures aro 
very closely placed, so as often 1o break into each other ; see 
fig. 2, when the layers are cut very thin, lo form Itansparenl 
images of the parts. It was wiih great astonishment ibai I dis- 
covered the excessive motion of the root, and ibe folds whicb 
appertained to it ; but had 1 then been apprized of the nature 
of the net, 1 should have known that it was but the necessary 
consecjuence of its foTrnalion ; upon placing some very old vege- 
table cutlitigs of tlie root in my sliders, and exposing ihem 10 
the highest magnifying powers I pus-<essed. I found that almost 
Net of II* every part of (he net was coinpoeed of spiral wire in its cases ; 
niiadallsiiiral gnd as the cases in many parts had broken away, all the interior 
was become visible ) this has maile me dissect many woods, and 
I find that it is the same in all; that not only the greaieit part 
sf the net is so formed, but that (be spiral Vessels BucroUlld edch 
lap vessel, 6rst extremely light at (he edge, reducing or enlarg- 
ing the aperture, and then a little beyond il, forming a kind of 
scollop, besides large coiln of (he same, passing from one aper- 
ture lo another, see A, EE, like \hme which surround the bas- 
tard vesiels, and mark nil the folds. The wood may be truly 
■aid, therefore, to be little else but spiral wire, and to be perpe- 
Ronl; pcrpe- toal motion in the interior, the effect of the quantity of lliose 
iE^'Mct'o" '" *'"^*'' '''^' pervade it. This shews of what consequence dis- 
section IS, and (hat, by banishing all imaginary catises, and 
letting na/are herself nhev/ her own works, and be merely the 
transcriber of the informalion she gives, by degrees every caase 
will be discovered ; when I fmind out lii.il the root possessed 
such motion, ] had no idea ihe net was formed by the spiral 
tiHre i but I was resolved lo take each t/ireml In pieces ; to see 
nnd comprehend its hxlare ; anri, surely, ihis perpeloal motion, 
aided by capillary allrcclion, is quite snificicnl to account for 
Ibe rising of the hap, 
t:Bpm»ryat. Three years ago, I dedicated a whole icin/w to the study of 
iractioDlielps capillary attraction j and I found that the smalter the vessels, 

the 
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tbe stronger nnci higher was (he impulK above Ihe levd j when tn tiirow up 
I had procured glass pipes, from ISO lo 200 of an inch in bore, ""'P' 
the water rose to 19 inchcB, and was only then slopped bjr the 
roughncM of the interior, as I discovered upon breaking Iho 
pipe. Now all pipes made ly man will have this defect; I arn 
convinced, therefore, that we know not half the force of capit- 
larj ^attract ion, as when the pipes become so diininiiCive, (be 
roughness is of such inimenae consequence as lojtop (he flow of 
liquid ; but, in pipes formed by nature, there i« no such dtfect, 
and the liquid will therefore rise muck higher. I am the moie 
convinced of this, as the ,^^m g/" (Ae icaier rose near an inch 
beyond tbe before-raentioned height, cauj;ht on ihe points ofinterinr 
the excrescences and roughness of the interior of the veasel, loughueM of 
which, when exposed lo the large powers of ihe opake solar ^ ^ 

rcroscope, looked most prcmineni. But when to capilUry 
flttraclion is added ihe perpetual motion of tbe root, the strong 
impetus this must give to the liquid, Ihe additional force the sap 
WBsels gain by the variation of pressure of ihe spiral wire round 
them, changing with each alteration of tbo atmosphere ; and 
Aiat, as the intpeius must be renewed ai each priiminent ihoot 
lb a tree, it t^uifes the capillary attraction only, to coilvey it 
from shoot 10 shoot ; weighing all these cauies well, there can, u 

I (hrnk, be no doubt that they are all sufficient forihi'owing up 
Ihe sap in trees ; but this is merely a hint the moiion of (he 
wood has drawn from me, and to be aided, I hope, by fiiinre 
discoveiies, for which no diligence shall be wanting, which will, 
I doubt not, soon explain the enigma, la ihe talisfactionof all. 

J shall now turn to the formation of the silver grain, in which Additiuunl 
there is a pan that has greatly puzzled me. 1 always perceive |Jiece lotUe 
thai whenever I cut a iransparenl pieceol tbe wood horizontally, *' * ""B'-' ■ 
fa ?ery diminutive row of increase appears at each silver grain ; 
this must ceriainly be an odditian as il is fresh made wood \ and 
this alone will account for the stripes that always appear between 
each yearly circle. They are from 10 lo Vi in number, ihey 
cenajnly are not in ibe alburnum, for that shews no marks but 
what would naiurally t>G found in every toft matter pressed 
through a pipe rather twisted j it rausi, therefore, be made after- 
wards ; but il is impossible the wood should go on increasing 
constantly at this rale, or the width would be infinitely greater 
between ibe yeatly rowi ; but if the new wood (ai stun as com> 
pletB) 
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pkte) is measured, it ii mocb narrower than when ihe i 



, therefore, must baiif 
> discover, as it all bclpl 
19 bow much mon 

!ver considered i 

$eh will not slie» 



taken a few years after j i 

Toiir, to been made. This is of cotisequence it 

" '*" the growth and moiicn, and teaches u 
is 3 moving machine, than wc 1 
The coils that appear round the s; 
selves In a vegetable cuttln;; taken witb ihe insirumen;, aa thi 
tears Ibem all off; but when cut with a sharp knife < 
and lefl a little lime, ihey will rise up, sni ihc smallest" 
magnifier will shew the roughness tliej- create, and (Tie large 
coils that pass from one sap vessel to another, especially in the 

! and chesnutaad acacia. In ihe latter ihey can be seen with the 

'l^"^ naked eye, and llieyare ao light in the layers of- wood, that ittf 
cutter, can not divest them of them— many of ihe i 
appear to have spirals acroai tliem, in 2 or 3 piac 
rather think it is many apertures broken into one, which beforij 
holding tight at the interior of the circle, a 
drawn across ihe bales from the contracting power uf the spiri 



Diflrrenfe of There is no very great difference ia (lie figure of the wot 
thr)^t''ili1.i "f ''^^ ^""t 8"'* stetH; except ihat the /u/drpostKs not a 
st»ni, much spiral wire ; that the coils from one sap vessel 10 attolher,' ' 

are not so large and strong, Uior ibe folds in the item are hardly' 
observable, indeed, except in jirs, 1 never found any there, and 
even in ibem infinitely less than in ihe root; nor are they* 
I believe, marked by any spirals, as I see no cross ones slicking J 
from one side to anocber, which immediately obtrudes 
sight when dissecting ihe wood of roots ; but the 
perpetually marked by ilie shooting of the buds, which in tr 
and shrubs' (especially at cerlaiu times of the year) is aim 
<»)nstanl. These points, therefore, make the prlndpalH 
diiJerence, and balance the more regular motion the folds > 
Sn1>5iii>icr nf the root produce. I shall leave ihe description of the rising o 
"'^''"*''""* the bud in the middle of ihe wood in those plants that shootl 
each year from the earth, lill my neiit letter, when I give ihs 
root of those plants. It jk, indited, one of the most beiiuliful 
efTects arising from the spiral formed wood, and its conse<)uetit 
motion; it admirably accounts for lh« different manner ih* , 
buds shooi, in running up the u-ood instead of across it, 
trea; since in the one the spirals are In their cases aad coafint 
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b«t in ibese Ib^ anitt in forcing tip the plant, keeping ibe 
\-eB»eU emended thai the flower may tint be injured, as I shall 
shew in my next, li is inconceivable by how many marku these Two gnina 
two grand divisions in nature are indelibly fi»:ed. I mean ul"vp™,JU,, 
between Ireen and herbaceous plants, &c, iheir whole Ibrmation VorliL 
appears different, not only do the latter form ihe bud in another, 
part, but their whole e;i is ten ce (ilie root excepted) is but liie 
growth of a year ; but this laboratory is also in a contrary direc- 
tion. In tiees and shrubs., it must be at, the botinm of ih^ 
flower stem, for (here all the pieces must be prepared and con- 
cocted, and its vesiels arranged fur ihedifercnt parts they are 
to compose } but in plants that form iheir bud in Ihe root, the 
laboratory can be no ■where but in the root alone. I promi*e 
myself the greatest pleasure in a most exact invesiigaiion of that 
part. I have alreaily nmr a hundred dilfcrent rpots with their 
flowers as they appsar in the solar microscope ; but I wish alsn 
(o give a specimen of them as ibey rise in the wood vessel, and 
shew how the spiral wire winds round it lu keep it open 

But dissection has done more fur us than shewing tlia 
origin of the flower bud ) it has also taught ns from whence the 
Ipaf bad? proiieed, and proved iiow eniraordinary llie difference 
exemplified between the two, which will lead me to my last 
observations on the bark. The leaf bud (as I have befcrt shewn) Wl.prc fint 
is formed of the juices of the bark and iheelongation of its vessels ^°'""^- 
it never touches the wood, Mcept receiving the few nourishing 
vessels that run into it ; nor proceeds further in the interior, than 
the icner bark where it U engendered, and remaiDa till bursting 
otit into leaf ; and all Ihe purposes n.tlurc seems dejiroos loeflecl, 
by its various precautions, is keeping the juices separate, the sap 
from entering the precincts of the baik, and the bark liquid from 
reaching the wood : and the more locfl'ect il>eseparailaD, all the 
trees that have a superabundance of baik juice, are di- 
vided'by a cnrt^iin which preserves ihcm from this mutual 
contsminallon- Now, we are well acquainted with ihesnfien- M.iitfr wfteii- 
-,,,., , . .1. .1. -1 cil liv the bark 

ing power of the bark juices — does it not strike the mind, j„[g^:g_ 

(hat this piece must lie placed in such a situation to prevent the 
alburnum from being injured, and the wood from being sof- 
tened and deeiroyedby its roducing powers ? But if this idea 
strikes the imagination, how much more mnit it convince the 
judgment, on examioing the matter soapplied, and tinding, 

that. 
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[bat though it ia really nothing bat b piece of wood to placed* 
(ihat must origiitally have been of the same hardi 
rest) but it is convened, (by mean) of this softening liquid,) 
the appearai»3 of a most beautiful white leather. rAm^' 
indeed, conviction usurps the place of fancy, and 
asBured that we guessed right. How siraoge, then, 
ftll Ibis beautiful arrangement— justified (indeed langklj 
dissection, ia order to find a place of ciiculaiion for sap-vesselt, 
iFiR that cannot possibly require any ; for why jnust they have 
""^ returning vessels ? Is there not a great difference betwoaa 
an animal which, after the first few years, has no increase, 
and a being that increases from every joint ; and may be 
posed, therefore, to draw up only those juices necessary foe- 
that increase, especially as the sap is tbe liquid of the earib) 
not the blood of iheTRSE, as is easily proved by adding our* 
lure to the ground when the sap _/ai/.(, which soon restores it| 
besides, how is the circulation to be effected in the eletnalljr 
decreasing branches of a tree, whose every additional twig' 
n)ust make a variation in the quantity of juices 'wanted ; 
whereas, it is naturally decreased as it mounts by the throwing 
out new ihtols and hranches, whicb expend the liquid as il 
1- rises. But there are two, 1 may say, vnanswerahlt arguments, 
"' that must put an eudto theenisleneeof aucb a system, 1st. If 
there were such a law as gives circulation to ibe sap, instead 
of the power which merely carries up the quantity of liquid' 
wanted for the use of the tree, it would be universal in atf 
plant! i it would be common to ail without restriction. Now^' 
there are a vast number of plants that lo->e their bark everjr. 
winter, and renew it in the spring ; but when llie bark is gone*- 
the inner bark-vessels (full of their juice) are still seen pressing 
to the wood — but what would become of the reiurning sap* 
vessels ? They could not do the same, or their quaniiiy would 
have made a large portion of itself, and filled out the bark, 
1j to which they certainly do not do ; for there are no vessels 

found but those I have mentioned — even the rind disappearv 
in many plants. Tlie vine h one of these, and many otbtx 
twilling plauts. All the pentundriao plants lose their bar^ 
long before they have formed their seed. Numbers of tbq 
lyngenesiao plants begin very early to lose it j but a« it dif* 
appears, leaving the riitd, few who do not cKamineaodcut 
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plants continually, as I do, would know these little factW 
that never present thetntelvea to the eye, but require to be 
sought with a diligence few will bestow, though rewarded 
with » delight none but those who have felt it can conceive. 
Numbers of shrubs and semishmba also lose ibeir bark, and 
^■iVtain the inner batk-vessels only, if, then, we suppose the Tlio bark go- 
btturning sap-vessels to die away in the winter, what is to be- '"8 °^ '" *'"' 
Vfeome cr the sap in the intermediate lime? far it is a certain 
' "thing (hat the sup flows all the year ; and thongh, a[ the time' 
it rises 10 form the iilburnum, it is in grciiter quantity, and 
more visible to us, because it then shews itself between the 
bark and wood ; when the bark retires back, the sap fills all 
ibe intervening place, and is only prevented from running into 
the bark by the curtain or division I have before mentioned. 
It is at this time that trees will bleed their sap, and the quantity 
th^it they will yield in that case, plainly shews that it is not 
(heir own juices, especially as custom will increase them tn an 
amasing quantity. But the second reason is still more forcible. 
The sap-ve«se1s, as they mount, are most apparent in every 
part of the wood ; their large open mouths prove at once for xhe Uri^e 
what they are designed, and the quantity of sap always found open mauUii 
in these vessels, shew most plainly iheir office. If, then, there vesstu'"''' 
were returoiog vessels, would Ihcy not also be visible? But, Wonid nottlic 
in the bark of more than twenty trees which I have taken to rctnrning ves- 
pieces, fibre from nbre, tracing their direction, eicaminmg them 
in the microscope one by one, so that no vessel could escape 
me, not a sap-vessel can I find, The inner bark-vesseli, idett- 
lified by the dark liquid that fills them, and their peculiar shape 
and form, are not to be mistaken for any otiiersj and 1 believe 
I may say, that lam now so well acquainted with all the dif- 
ferent vessels of a tree, that I cnn no longer fail from ignorance. 
ButherCj except the inner bark-vessels, all proceed iu a diffe- 
rent Jirecfwn either rount/ the tree, or from the centre to (he 
circumference, how is it possible that such large and powerful 
parts should be invisible ? The use of dissection is to correct The iisp of dii- 
Ihe work of imagination, or (hose experiraenls which have "^'^''"''■ 
that defect, forcing the juices into channels foreign to that 
which nature has appointed for them. I have before said, that 
T found nature dispc-sed to seek resources in case of any 
tural Impediment. I have myself (in several Instances 
I could 
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ml coipld meotion) proved it. If Mr. K., therefore, stops up Cbe 
usual current, it may force jtself into tl^e bark to find a p«f - 
sage. £ut this doet not teach as what are the directions of its 
sap-vessels ! This is the refiison of my dislikiug all these ex- 
periments (at one time so much the fashion) and which, I am 
firmly 4>ersuaded, is the grand cause of the mistakes made in 
phytology, and the reason why^so little is known. A wrong 
Chemical road was marked out, or it was taken too early, before a fovn- 
*^ '®®°* dation was laid. I am only a dissector j I pretend to nothing 
but delivering faithfully what I see, without exaggeration. If . 
this matter was to be decided by argument or general know- * 
ledge, I should never attempt to contradict a gentleman of 
Mr. Knight'sonderstandingandabilities J but, after the quantities 
of dissections I have made (and I have niany hundred barks 
OTawn by me, besides the twenty I have taken to pieces) I 
roust be- well acquainted with that part, and there certainly is 
not a single sap-vessel to l>e found in it, except the oou- 
rishing vessels passing in their separate cylinders to the leaves. 
Specimens of The specimens I have given on figs. 5 and 6, will serve as a 
^^^' pretty good example of barks in general, as they strongly re- 

semble each other. 

I mast apologize for some repetitions in this letter, having 
already given a description of each separate part. Now that 
I come to ally those parts to each other, to cement the whole, 
wad to shew in what manner they prove the truth of each indi- 
vidual observation, it will not be always in n^y power to avoid 
shewing what has already been read* But I will do it as mach 
as the explaining simply and plainly will permit. 

Your obliged Servant, 

AGN£S IBBETSON. 
Cowley Cot, 

25th Jan, 1813. 
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IV. 

I 

Inquiries telaiive to the Structure of Wood, the specific GraUity 
of its solid Ports, and the Quantity of Liquids and elastic 
Fluids contained in it under various Circumstances ; the 
Quantity of Charcoal to be obtained from it ; and the QtuM' 
(ity of heat produced by its Combustion. By Count Kom- 
FORO, F. R. S. Foreign Associate of the Imperial Institute 
of France, tS^cJ* 

(Concluded from p. 335, vol. xxxiv.) 

Section V. 

Of the Quantities of Water attracted from the Atmosphere by 
Woods of various Species, after being perfectly dried. 

IT has been long known that charcoal imbibes the hnmidity of 
the atmosphere with considerable eagerness; bnt I have dis- 
covered that dry -wood attracts it with still greater avidity. The 
following are the details and results of a sqries of experiments, 
made last winter, with a view to elucidate this subject. 

Having procured thin shavings^ about five inches long, and 
half an inch broad, of nine diiierent species of the woods of oar 
climate J in order more certainly to reduce them to an equal 
degree of dryness, I begai\ my experiment by boiling them for 
two hours in water, that they might be thoroughly impregnated 
with that element. 

I then dried tblsm well in a stove, in which they were kept 
during 24 hours, exposed to a temperature higher than that of 
boiling water, at about 50^ of Fahrenheit's scale. 

On taking them out of the stove, they were carefully 
weighed, being still hot 3 they were then suffered to remain in 
the open air for 24 hoars, in a large room, whose temperature 
was uniformly during the day and night at about 45^ to 46^, F. 
This was on the 1st of February, IS 12. 

The weight of the shavings, on beii^ removed firom th« 
stove, thoroughly dried, and after having been exposed to the 
air of the large room was as follows : 
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Species of Wood. 



Weight. 



Italian poplar. . . . . • 

Lime-tree, seasoned, and fit 1 

for the joiner's use. } 

Lime-tree, green- wood. ...... 

Beech 

Birch 

Fir 

Elm ,. 

Oak 

Maple ^ . . • . 



On being with- 
drawn from tin" 
itove. 



3 '5 8 grs. 
5 28 

4-41 
5*41 
5-87 
646 

47<5 



After exposnre 

fur t\ hours, in a 

room, at a tem- 

lHTat«re©f45"P. 



4*45 grs. 

640 

647 
8*62 

7*16 
793 
5*65 



Hence it appears, that 100 parts of the wood, after 24 hoars' 
exposure ki the large room, were composed of d(y-wood and 
water ki the following proportions : 

100 parts olt Seer-wood. Water. 

Poplar 80*55 19*55 

Lirae'-tree, seasoned 82*50 17'5G 

■, green 83*31 16*!% 

Beech 81*44 18*56 

Bnrch 60*62 *19*3« 

Fir 82*47 17*53 

Elm 81-80. 17*20 

Oak 83*36...;.. 16 64 

Maple 81*37 18*63 

I suffered all tl^se woods to remsuq in the large room duriog 
e'^ht days, but their weight was very little augmented ; and as 
often as the temperature of the air of the room was raised 
above 46' F. they lost weight. So that the above may be con* 
tydered as their habitual state of dryness during the winter^ io 
our climate. 

To ascertain the quantity of moisture habitually retained by 
these woods ia the summer, I made the following experi- 
ments. Sv^ 

Thin shavings of the species of wRods mentioned below, half 
an inch broad, were thoroughly dried in the stove, and then 
exposed for twenty-four hours, in a room with a northern 

aspect 
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ispect, whose tetnperatafe was tolerably uniform at 62^ F. The Quantities of 
•-"-'-- water, 8cc. ia 

wood. * 



following are the results : 



Species of Woed. 



Ww2ht. 



1 



When dry. 



} 



Elm, the core 

, the sap-wood 

Oak> seasoned, & 
fit for the 
joineff use. 

— PT- felled Gth Sept. 

Lime, seasoned..... 

— ,when growing 

, the root. . „ . 

Elm, seasoned 

Italian poplar.. 



At the ac- 
customed 

state of hu 
midity in 
the air. 
at 6'^° F. 



In 1(K) parts of wood 
were found 



1 



leer wood. 



Grammes. 
1053 

11-99 
1370« 

12*45 

7'V 
6-75 

9-9^ 

9*25 
7'50 I 



Qrammei. 
11-55 

13*15 

1505 

1370 

7*80 

7'30 

10*90 

10*80 



Water. 



Partg. 
91185 

91197 
91 030 

90*667 
93205 
92*466 
92222 
91133 



8*00 I 93750 I 



Partfi. 

8-815 
8*803 

* » 

8*970 

g-333 

6*795- 

7*534 

777s 

8-867 

6250 



With a view to ascertain the habitual state of the dryness of 
woods in aptuain, I carefully preserved these same shavtnga 
till the 3d of November^ in a northern chamber, not inha- 
bited ; at which period its temperature bad stood for several . 
days at 52"" F. with little variation. I then weighed the 
shavings, and from their weight calculated the quantity of water 
pontained in them. 

The following table, containing the results of all thes« ex- 
periments, displays, in a familiar aQ4 satisfactory manner, 
the cufitomaj-y state of the woods, in different seasons. In Qor 
climate. 



Species of Woodx. 



100 parts in weight of wood, cut into thin 9havin|8 
and exposed to the air, contained water. 



p .1 



In summer, at a 
temperature- of 



Parts. 
6-25 

778 
8*97 

8-86 

Vol.. XXXV. —No. 162. 



Poplar, 
Lime. , 
Oak.. 
Elm. . 



lu antamn, at a 

temperature of 

52« F. 



H 



Parts. 
11-35 
11*74 
12*46 

iri2 



In winter, at a 

temperatare of 

45PF, 



r* 



Parts. 
1955 
17 "50 
16'6| 
17-20 

From 
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Qannlitiei of" From a cocnpariton of llicse retnlts it appffln, that these 
*oNiV)"dmiitiFr *'""'*' wl>en exposed to ibe air at a lemperaiurc of 45° 
in woud. coniain twice lliequsntiiy of water, th.it ibey do when the 

letupcrilurc of the air is at 60'' F. But it is necessary tbat 
tlie wood be cut Into very ibin shavings, to enable it to beronie 
tudJcrily io equilibrio wilb the air, conformably to its quality of 
an hygrometric body ; otherwise the alale of the air may 
chaDgOj and (hat very fie<]ijenlly, before its humidity or dry- 
ness can have bud sufficient opportunity to produce all ili effect 
upon the wood. 

Td discover what is termed the mfdiam drynest of any species 
of wood, in our climate, it is rei^uisiie that we be acquainted 
with the qunniiiy of water contained in the wood, every day of 
the year, and e?en in every hour and every minute, whicb is 
obviously impossible : but there is aiwther method to be put 
sued in this enquir]-, much less laborious, and which will lead to 
resuliB as satisfactory as the nature of the subject will admit. 

At a very large piece of wood, a large beam for iiutance, 
dries so very gradually in the air, as not to attain a stale of per- 
fect dryness in less than 50 or tk) years, it is sufficient to e; 
iiiitii3 the inierior of nich a beiini, after baviiig been sheltered 
far BO or lOD years from the rain, todiscover the state of such ' 
part of the wood as may slill be considered sound. 

In pulling down old bouses, we meet with beams proper foe 
ibe present enquiry. 

An old canile in my neighbourhood being palled down, 1 had 
an opportunity of examining the interior of a large oaken bearu, 
which bad, without doubi, been there more than 1 30 years, and 
as it formed part of ihe timbers of the edifice, had been secured 
from ibe rains. 

A piece of this wood, in a high state of preservation, after it 
had been planed by the workman, was accurately weighed, and 
then plunged into water, to ascertain its specific gravity, It 
weighed 7505 grammes, and Uisjilaced 110 grammes of water, 
at the temperature of 61° F. ; its specific gravity, therefore, 
was 68227, and a cubic inch weighed 13-J3 grammes. 

Forty shavings of this wood weighed 1 1 -4 grammes, which 
were reduced to 103 grammes, when they had been iho- 
roughly dried in ifte stove. 

Heoce 
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Hence we may conclude, that a cobic inch of this old wood Quaatilici 
was composed of moisiure ■ 

'•" Ligneous parls 0-39794 cubic Inch. '""*°°' 

Water 0'07186 

Air O53020 

100000 

We may also conclude from these reaulis, ihai liiG wfwd of 
the cenireof a large oaken post, though kept for ages out of ihe 
reach of the rain, can ne?er contain, in our climate, less ihaii 
lOper cent, of its weight in water; and that a cubic inch of 
Buch wood contains more than half a cubic inch of air. 

Theyear/y medium temperature at Paris is about 5.J|''F. : 
nowasweiiavejuat seen that the habitual state of dryness in 
woods at the temperature of 51' F. is such as to give about 
11 [wreent.of walerfor 100 partsof wood; we must not bo 
surprised at finding 10 per cent, of water in the interior of a 
large beauij after it hai^^ been sheiiered from Ihc raiu during 

To ascerlain whether lliE property of wood to attract mois-. 
tore from ibe atmosphere was augmented or diminished by llio 
beginning of carboiiisalion, I made the following experiments. 

Ftioneen grammes of ash shavings, ofler being highly dried 
on a marble slab over a chafing dish, were exposed 10 the air, 
in the month of February, in a large room, whose lemperalnre 
was about 20" F. and in 15 hours they had gained 1'65 
grammes in weight. 

Fourteen grammes of the same sort of shavings having been 
first scorched in the stove till ihey had assomed a brown colour, 
were at the same lime dried over ibe ch.ifing-dtsb, and exposed 
with the others to Ihe cold air, for the same lengtl) of time ; but 
ihey gained in weight only rOl grammes, while those which 
had not been scorched, as already staled, had gained iflSgrs. 

Fourieen grammes of the shavings of iirae-wood, in their 
natural state, and 14 gramroes of the same kind of shaving*, 
after ihuy had been violently scorched in the stove, were dried 
together over the chafing-dish, and then exposed in the open 
air, at the temperature of 40? F. for IS houi's. The shavings 
H2 in 
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Afobtare, Ice in their natural Mate gained 1*33 grammes in weight; while 
u wbiMl. ^Yioge that had been icorched gained only 07 grammd. 

A similar experiment, upon shavings of the cherry tree, some 
in their nataral state, and others scorched, waa prodoctive of 
the same lesult. 

Whence we conclude, that wood in its natural state attracts 
the moisture of the air more copiously than it does after 
having been subjected to the first degree of carbonisation. 

From similar experiments upon wood and charcoal, I find 
that dry wood attracts humidity more powerfully than dry 
charcoal. 

It would be worth ascertaining, "Whether wood Is not also 
more powerfully attractive of gas than charcoal ; bat as I hare 
not time to enter upon this particular inquiry, I can only re- 
commend it to those whose inclinations may lead that way. 
Leaving, therefore, this subject untouched, I most, without anj 
ftrther circumerration, pursue the original object I bad in view 
in diese disquisitions upon wood, viz. to endeavour to become 
acquainted with those inflammable substances, which bom on 
setting fire to a piece of wood under a calorimeter. 

Sbction VI. 

Of the Quantities qf Charcoal to be oltamed from d^ereni 

Kinds of Wood, 
Production of Having discovered that pieces of wood, more or less thick, 
may be perfectly carbonised in glass vases, with thin tops, 
closely covered, and exposed for two or three days to a mode« 
rate heat in a stove, I adopted this method in all my experi- 
ments on the carbonisation of wood. 

The glass vases which I make use of, are what the chemists 
call proofs, with feet : they are small cylindric vessels', about 
an inch and a half in diameter, and six inches in height 5 the 
covers consist of glass plates, about two inches in diameter, and 
from two to three lines in thickness, neatly ground with very 
fine emery, well diluted with water, on a large glass slab ; and 
the edges of the vases being ground with the same exactness, 
they became hermetically closed by the covers, so as to preclude 
every access of tlie air, especially if the edges of the vases, and 
the whole surface of the covers, be well robbed with black-lead. 
The elastic fluids, in escaping from the interior of the vases; 

occasionally 
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occssionallj raise ihe cover for a n 
when surmounted bj a consiiterable weight ; but as it ia only f ' ' 
raised a very linle. and falls again Immediately, the vase is &c. 
never open more thim an instant ai a time, and then Dot lo ai ' 
to admit ihe obtrusinn of any extraneous matter. 

Wben one of these vases is pot into the stove, It is phced 
upon a square tile, or liatf brick, of burnt earib, and another 
of the same kind is also laid upon the covei to keep it steady. 

During the carbtmisation of the wood, the interior of the vaie 
il always clouded, assuming a very deep blackish yellow colour; 
and during (be operation, a strong smell of sool, or of pyrolig- 
Xteoo', acid, issues from the stove ; which is even insupportable 
at the f^mmeocement, if it be too nearly approached, as well 
not) withdrawing the vases from the glove, if ihe covers be 
#Knoved without due precaution. 

'■ There is, therefore, a decompoiitian during the carbon IsatioD 
-AT wood, and a fortnati 'a of pyroligneous acid. This fact has 
been long known j bal in some of my enperiments, and parti- 
enlarly in those made npon fir, with a very moderate fire, I ob- 
tained a produrt, which, upon a very exact scrutiny, appeared to 
Hie to be litumen. 

' This product had been condensed upon the glass cover, 
whence it had afterwards run in large drops upon the vertical 
■tirface of the side of the vase. It was hard and brittle, of a 
Uark yellow colour j it was not aH'ccted by bailing water, nor 
'If boiling alcohol ; but was gradually dissolved by sulpbaric 
'ether. 

It would be superflons here to enter upon the detail of all 
my experiments relative to the carbonisation of wood, A> the 
ftroceas 1 have employed cannot now but be well known, after 
Mat I have said in this memoir, and in the one that 1 had the 
'lUnour to present to the class on the 30lh of December, in last 
[jfvai*, I shall here only give the results of those experiments. 

The six foliowing, made with different species of wood, were 
ito uniformly alike in their results, that I was much surprised. 

One hundred parts (10 grammes) of the eix tollowbg kinds 
.tf wood, in thin shavings, and thoroughly dried, were carboois- 
gA at one Ihne in the Mova, in glass vaies, wclLcloied with Sat 

* IttseMedinthisJournal, Vol. XXXII. p. 100. 

glass 
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v«fio..r'l^ *'"* **'*^'* *^ the heat was managed wllh great care, ia 

ol'woocl. order to delenuine with piecision, from llie weight of ibe vasei, 

ihe moment when the operslion was finished j ihe experiment 

■ occupied four days, and as mauy nights. When the vases 

ttieir conlenta cejaed to lose weight, the process was (topped, 

and the charcoal was weighed while still liot. 



T/ie following t 



100 parts in weight of dry wood, 
gave in dry charcoal. 



? the 1 



mlu. 



Poplar 43'57 parts. 

"ime. 43'S9 

.-1-IlS 

. 42'23 

.43 "27 

VOnk 43 00 



^ Poplar. 

SM.ple. 
/Elm... 



Theaiedkim term of (he results of these ti cxperimeDls gi 
43'33 parlsol charcoal in 100 parts of dry wood ; 3ndasthe7 
were made with woods ditfering considerably in their apparent 
weight, ibeir bardness, and other distinctive physical characters, 
we may conclude from (he great similariiy of the results of 
tbece experiments, that none of the circumstances, fiom which 
the woods derive their particular characters, have any material 
influence npon the quantities of charcoal I hey are capable ol 
yielding ; and hence we may deduce that the ligneous substance, 
or neor-wood, if not the samii in all, is at least composed of 
indentical substances. 

Tbere is still, however, a very interesting tjuesiion remaining 
for discussion, viz. Is the seer-wood, charcoal ? 

Toelucidate Ihis question, I began by ezamitiing wfaetber 
charcaalhad the same specific gravity as seer-wood. 

I, therefore, reduced some eommoii oak charcoal, which 
appeared to be well manufactured, into pieces about the size of 
•mail peas, and then boiled them in a pretty good quantity of 
Seine water, previously well filtered : the pores of ibe charcoal 
were speedily so completely filled with this liquid, that becom- 
ing heavier than Ibe water, in equal bulk, it precipitated itself 
to the bottom of the vessel, and there remained. 

On removing the vessel from the fire, the water wa* suffered 

to ixxA lo the temperature of 60° F. i and then the cbarfoal, 

while still BLibmersed, was put into Ihe small glass vase of the 

hydrostatic 
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hydroitatichalanoe, 2nd weighed. Ilaweiglitin llie wa'", at J^p^^|! 
the temperalQre of 60° F. was 2'44 grammcg elmrtdu 

When (he oharcoal was taken out of the water, it wai put 
into a cylindricnl glass ifessel li inch in iliamerer, and 6 inches 
in height, in which it wai thoionghly dried in the siove at a 
temperature of about 265" F. 

After it had been six hours in the stove, it was tahen out, and 
weighed, while still hot, and found lo be equal id 6/ grammes ; 
therefore its specific gravity was 1572;3. 

We have before shewn, that the ipecificgravity of ihe sulld 
parts of oak, in the state of aeer-wood, is 1534'10. 

his is certainly very similar tu that of charcoal made of llie 
e kind of wood ; bat we have not yet proved seer-wood lo 

^^e charcoal : on the contrary, we have just seen, ihat it requires 

parts of seer-wood to obtaiu-13'33 parts of dry charcoal. 

I Neither is seer-wood timp'y an hydrure oif «Jry wood, as we 
; in the sequel. 

It should seem that the fabric of a plant, which may perhaps 
be nothing but pure cbarcoal, is always covered with a subsiance 
analogous lo the flesh which conceals Ibeskeleton of an animal. 
This vegetable flesh does not exist in consiilerable masses ; for 
as the plant is not onder the necessity of moving from one place 
to another, in search of nourishment, it hag no need either of 
flexible joints in its skeleton, uor of muscks capable of exerting 
a great force ; and it probably arises from the circumstances of 
the skeleton and the flesh being very intimately blended 
together, that ihey are not discriminated and distinguished from 
each other. 

1 consider seer-wood as the skeleton of the plaat, with the 
I flesh, though quite dried, still adhering to it : and as wo hav» 

n that there are 43-33 parts of charcoal in 100 parts of seer- 
■ ^K>od, I shonU say that lOO parts of seer-wood are comjKised ^ 

Charcoal 4333 parts. 

Vegetable flesh, driad. , . 56-67 

Making togetbsr. tOOOO parts. 

■t<'T^ beiQtiful analyses of Messrs. Gay Lussac and Tlifnard, 
^ar»B shewn us that seer-wood is composed of carbon, hydrogen, 
[fud oxigen ; and that two different speries of wood analysed 

t>7 
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Quantity of by tliom (the beecb and ihe oak) were oompoied of ibeio 

obtained ftom ^^^^ elements in nearly equal proportioni. Tbey aUo dta* 

wood. covered that the oxigen and hydrogen in these woodit are in the 

requisite proportions for the formation of water : wherefore 

tbey concluded that carbon was. the only combustible subsunoe 

contained in wood. 

It will appear io the sequel, how well th&i results of these 
ingenious inquiries accord with those of my experiments. 

But first, I shall examine what quantityof cbarcoal it is 
possible to obtain from different species of woods* under 
. various degrees of dryness^ pursuing the method already adopt- 
ed in my experiments. 

From the, mode in which charcoal is ordinarily made» a very 
considered portion 4s lost« and improvidently' burned during 
the operation. 

As it appears to be clearly proved* by the results of (be six 
experiments above related, that the quantity of cbarcoal to be 
6btaiped from any given quantity of wood, is in>ariab)y. in pro- 
portion to the quantity., of dry iigneous substaojce contained in 
the wood, the inquiry into the quantities, of charcoal to be 
produced from different species of woods, at variooa. degrees jof 
dryness, becomes limited to that of the quantitief ,of «9ad 
absolutely dry, contained in the woods in question. 

It has been shewn that 100 parts in weight of oak, thorooghlf 
dried, gives.43 parts of charcoal. 

We have likewise seen, that 100 parts of oak as dry as it 
can be made in summer, at the tenriperature of 62"* F. cpDtaias 
only 91 parts of seer- wood, and, consequently, that 100 parts of 
such wood would furnish only 39*13 p^rts of charcoj^.^. 

From the results of an expericnent, of which I hayegpvee an 
account in this memoir, it appears, that 100 parts of oak^ in tbe 
state wherein it is found when expend . to the ^inter's air, el 
the temperature of 46" F. contain only QS'36 parts of seer- 
wood 3 conse(!)Uently, 100 parts of such weed would yield no 
more than 35*84 pai'ts of charooal. ' ' 

From the examination we have made of the oak, in that state 
in which it is deemed & for burBift{g,'ti^e haveieund that 100 
parts of this kind of wood coptfim on)y 76 |>arta of abactelely 
dry wood ; whence we concluck^ that XQO .part* oif auch^opd 
would produce 32*69 parti of cbflfGoal, 

It 
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B^Jt has been shewn that 100 parts of an oak felled oo the 6ih ^"^^^J^'^? "^ 
^t af Seplember, while in a grilwing slate, cotitnined only 62 5^ obtaiaed frum 
[)art» of seer-wood, and that consequently lOOparts of such ""'"'■ 
wood woolJyiuld only 2 69 parts of charcoal. 

In tnakiii5 these calculations, no account has been taken of 
the tnjantity of wood, or other conibusiibje, burnt in oriler Ig 
heat the closed vessel in which the wood was carbonised, 
pursuant 10 the process here adopled, But il may be remarked, 
that "iuch quantity will be increaued or dimiitlBhed according to 
the construction of the furnace, and the arraogemeni of the 
other parts of ihe apparatus ; and ji will always be loo consider- 
able to be omitted in ihelist of expences. 

As M. Proust ohidined only ig or 20 parts of charcoal in 1(X) 
of oak, it is probable that some waste occurred in the process ; 
but as it isceriain, that in the carbonisation of wood, sometoss 
will happen ; <o io the ordinary method of making charcoal, 
there Is always a considerable reduction of the quantity that 
ought 10 be produced, arising from the quaniiiy of wood con- 
sumed, either wholly or in part, to obtain heat sufficient to 
char the portion of wood that is rednred to a coal. 

Messrs. Gay Lussac and ThtTiard found from 52 Io 53 ftarts t^oniliaiiioa of 
of carbon in lOO of aeer-wood ; but 100 parts of seer-wood =''ar<:«»l- 
yielded mp only 43 pans of charcoal - this ditference, however, 
it is easy to explain, as will be seen in ihe sequel. 



i Of Ihe Qua 



■J of Heat developed in tile Coir, 
diffWiRl Species of Wood. 



,,Many persons have already endeavoured to determiae the 

idative quantities of heat furnished by wood and charcoal in 

Ibeir combuHlion i but the results of their inquiries have not 

I been satisfactory. Their apparatus has been too imprerfeci, not 

I to'leave vast incertitude in the conclusions drawn from their 

P investigations. Indeed, the subject is so intricate in Itself, that 

I with the best instruments, the utmost care is requisite, lest, 

ich labour, the inquirer should be forced to content 

L t)imself with approximations instead of accurate results and 

tsluations strictly determined. 

All WQoda coDtain much moistuie, eveo when apparently 
Tcry 
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iicrof very dry ; and aa tbe persons nllnded Id have neglected to 
i''or'" determine lite qaaiitities of absolutely dry wood burned by 
ueiTiainiiiH tbem, much uneertdiaty prevails in the results of al) theii. 
ifBi ipQin eiperinients. 

Anolher sciirce of uncettainty lies in the great qnanlity of 
beat suffered iQ escape willt ibe smoke and oilier products of 
the combasiion. 

As the calorimeter used in my experiments, has been describ- 
ed in a meinoir wliich I had (be honour to present to the cla^s 
oa the 24lli of-Ftbruary, ISl'i, it is unnecessary liere to 
lesuuie that suliject : sullice it to explain, in a few words^ the 
various precauliuni I adopted in burning wood under tlie 
calari meter. 

I picked out the woods intended fur the expeiiraenls, from a' 
joiner's workshop, and they all appeared to be quite dry ; 1 had' 
ihem formed into soiali buard-, six ickches In leuglh, and half an' 
inch thick ; from tl.ese boards I hai.! some shavings planed olF, 
about l-ioth of a line ihitk, half an inch broad, and 6 inches in 
length. 

When these shavings were sufficiently dry, they were burn- 
ed, one by one, tinder the mcuth of the; cabrimeter ) and I ImI; 
care to hold them, by meanB of a small pair of nippers, so as to 
make tbem burn with a brisk Jiame, and without the leai^ 
pmoke, or smell, or calculable residuum in ashes. 

The following is lis rr.tthod I pursued in making these 
ex peri men IS. 

Ilie calori meter, filled with water at a temperatureof aboat 
Hi" of Fahrenheit's thermometer, lower than tbet of the apart- 
ment in which the eKperiroenis were made, was placed upon its 
stand at the height of about 18 inches above the table on which 
the apparatus was laid. 

The extremity of the calorimeter, containing the opening, 
which I call its mouth, projecls about 4 inches beyond the edge 
of the stand, so as easily to admit the poiot of the flame from 
the small piece of burning wood ; and the height of the stand-is 
so adjusted, that the operator may rest both his elbows on the 
table, while his bands sustain the fragment of wood to be burned. 

Near the calorimeter stands a small lamp, by which the pieces 
of wood, or rather shavings, may,wiihoui loss of time, be set on 
fire, and burned in succession : and care is laken to have always 
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n the hand a sufficient quantity of ihe shavings, oFa known Bt^at front 



The ver^ small portions of the shavings which remain 
between the uipji^ are carefully preserved and weighed, at the 
, ^ose of the experiments, to determine precisely hovr much of 
lie wood has been consumed. 

All assistant keeps his eye constantly on the Ihermometer 
fttacheil to the apparatus, aod aunounces the raoicent when the 
.iMfif in the calorimeter has attained a temperature as much 
t'^her than that of the room, as it was below it at the begin- 
:|iing of the cperailon ; and the flarae from the piece of wood 
;llien baming is immedialely blown out. 

,1 The remains of itie shaving is laid anide, lo be afterward* 
reighed with the other fragments. 

j Tiie water in thf calorimeter was then stirred, by shaking it, 

fting rare to bold the instrument by its wooden frame, and 

e temperature of (he water was minutely observed and set 

a register. 

I Anexperiment of this kind usually occupies about 10 or it 

lunutes, according to tbe nature of the wood, and the aambcr 

>f degrees to which the temperature of the calorimcier is raisetJ. 

J 1 made choice of the birch for my first experiments, because 

Ibe.textureof its wood is very firm and even, and burns with a 

y regular fianie. 

Togive the details and their results !□ few words, 1 have 
placed them together in the subjoined table. 

The calorimeter, with the water it contained, was equal in 
capacity, as to heat, to 27SI grammes of water. 
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On comparing the rejtulis of ihese six Mperinoenls, all (nado; 




wilh the aeme kind of wood. In iheir shavings, it wilt appear that 




the drier ibe woud, the greater wan tlie quantii; of heat pro-^ 




duced from a given wi-ighl of shavings. But I found, in taking 




account of the quantities of moisture contained in the woodsi 




the quantities of heat were always sensibly proportional to 




tboeeofthedry wood burned ; with the except ion. however, of 




the three lailer expcrimenls, which were made with wood 




highlj dried for 34 hoars in a stove, and which gave several 




indications, by oo means equivocal, of the beginning of a 




decomposition. 




The shavings most scorched in the itove, gave less heat than 




those which had been less scorchedj the two sorts being taken in 




equal weights. 




Id aU these experiments more or less water dripped from the 


1 


wormj Kertain ptoef thai rome hydrt^en bad been butoedj thii 
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feet I was very desirous to verify, on account of its great Combnstion of 
. ^ . • wikmI .and of 

importance to science. charcoal. 

It is not, therefore, mere carbon which furnished all the heat 
developed in the combustion of woods : of this important fact 
we shall shortly have an additional proof. 

As the great quantity of azote carried along with the pro- 
ducts of the combustion, and which,after having passed through 
the worm, was lost in the atmosphere, also, without doubt, took 
with it a little more moisture than it bad brought into the 
apparatus ; a calculation of the quantity of water formed in the 
coinbustion of wood, grounded only on that found in the worm, 
would be erroneous : though there was always considerably 
ipbre th9n necessary to demonstrate that water had been 
fornned. 

Before we close this paper, we shall point out a mode 
whereby the quantity of wat^r thus formed may be estimated, 
even to such a degree of precision as to leave nothing more to 
be desired. But it is first necessary to determine the quantity of 
heat developed in the combustion of the carbon found in this 
wood, and which was totally consumed. 

Although Qur experiments on the carbonisation of wood, i^ 
close vessels, by a moderate fire, leave no doubt as to the 
quantities of charcoal which the woods therein employed were 
capable of proiSucing ; still the knowledge of this fact is not 
alone sufficient to enable us to determine the quantity of carbon 
contained in the wood. 

As 100 parts of wood are required for 43 of charcoal, it U 
evident that the seer- wood is at least partially decomposed, 
when the charcoal is produced in the process of carbonisation | 
that is to say, when the skeleton of the wood is deprived of its 
flefih, and left naked -, and it is well known that a great quantity 
of pyrol igneous acid is formed in the carbonisation of wood, and 
this acid contains carbon. 

From the process employed by Messrs. Gay Lussac and 
Thenard, in their learned analysis, there can be no doubt that 
they discovered, and kepi an account of alt the carbon found in 
the woods anal)'sed by them ) and as there was no pyroligneous 
acid formed in my experiments, when the wood was totally con- 
sumed without either smoke or smell, it is manifest that in this 
case, all the carbon cont9ined in the wood was burned. 

Accordiof 
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CombiugonBf According lo the analysei of Mewrt. Gay Lilwec ani 
Wood Bnd It) „, , " , . , . , .1 n 

cimii'aii]. Tnenarfl, lOOpartiof oak, perfecrly dry, contiin 52'54 pactiof 

carbon ; and 300 parli of beech contain 5r45. 

Now as il teems lo me exlremely probable that the dry 
lijiieoui HUbstnnce rs palpably t be same in a1lvi>ood«i I thall 
take llienicd'tuni term of theresultior these two analjrtes, and 
consider il as an indubitable fact, (hat 100 parts of perliectlf 
dry wood contain 52 parts of carboti. 

Therefore, et 100 parts of seer-wood furnubed me with 
only 43 of cliarcoal ; we must conclude, if dry charcoal be con- 
sidered aj carbon, ikat'Ofihesa parts of carbon contaioed ill 
100 pans of seer-wood, g are lakcn op in the compoiition of 
the pyroUgneous acid rormed in ilie carbonisation of the wood. 
Which IQ parts make more tlian 17 per cent, of all the carbon 
contained in the wood. 

Though charcoal should not be purely carbon, we molt, 
nevertheless, admit that ihere is still a much greater proporlioa 
of carbon employed in the formatioD of that acid, or of other 

Iiubstancei which fly off into the atmosphere during the pro- 
cess of ibe carboiiiiaiicm of the wood. 
In pursuing iaquiries in natural philosophy, the fint object 
that demands siieniioo, is to keep sn accurate accoant of 
weights i and so long as we proceed with the balance in 
hand, there is little hazard of being misled. 
And here, before I proceed farther in the inquiry into the 
sources of (he heat developed during the combustion of wood, t 
shall exhibit a general table of the details and result of 43 
experiments, made upou 1 1 dilfi^renl kinds of the woods of'our 
climate. As 1 skill hare occasion to refer to some of these 
experiments, for the establibhmenl of fads, it is re<]uisi(e that 
Ihey should first be knowa. 
All (hfee experimenls having been made and registered long 
before I began the calculaiiuas ultimalcly adopted for the eluci- 
dation of their resnili ) I have not licbiiaied to rely ou ihem. 
And farther, ae they were made with all possible care, and with 
instruments, to me apparently perfect ; I can answer for~iheir 
accuracy. 
New espeiiments ever bear a certain value ; all the know- 
ledge which coualitutes the imperishable riches of mankind, 
consists only of accurate statements of well-conducted experi- 
ments. Happy they who have the gbod fprtuni; of contributing 
something to the general stock ! Heat 
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Ditto 
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Same kiuJ, liiglil; dtieA "\ 
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Samekind, naiipi ksadri 
Joiner^ drj- wood, 4 or 5 ; 
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, — D— J diafinif-ditli,. 

Ditto 

Joiner's waod, tuther ainiit. 
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1 I 2 fTRUCTUWB OF WOOD, &C, 

Existence and These eiperimenfg might \eafi lo a great omnber of observa- 
€>f charcoal in ^»ons } but F shall endeavour to reduce them to the expoaitioD 
wood. of a few simple facts which thVy present 

One fact, cerlainly very curious, and of the first importance 
to the knowledge of the vegetable economy, appears to be 
well established, viz. that the skeleton of trees is pure charcoal, 
and that it exists in a perfect state in wooil. 

If this charcoal did not exist, perfectly formed, in wood, 
it could not possibly preserve its form, while its envelope of 
vegetable flesh is destroyed by the fire in the process 'of tar- 
bouisation. 

As the vegetable flesh contains hydrogen as well as carbon, 
it is more inflammable than charcoal, and is coDsamed at a 
lower temperature ; and, by proper management of the fire, 
it may be totally destroyed without the inclosed skeleton of 
charcoal being injured. 

Some months ago I presented the class with a small sprig 
■ of charcoal, produced from a piece of oak. partially bamed 
under my calorimeter. . It was nearly all the cbarcoa! contained 
iu the piece. All the coat or flesh of the wood burned with 
a brisk flame, and the skeleton of the wood bad got red, bat 
the heat was not sufficient to consume it. 

The charcoal-maker seldom does more than bom the flesh 
of the wood, and leaves the skeleton of charcoal naked. 

The dry vegetable flesh produces more heat in its combus- 
tion than an equal weight of dry charcoal. 

Shavings scorched in the stove, by a great heat, yield less 
heat in their combustion, than shavings of the same kind of 
wood, whose vegetable flesh has not been touched. See expe^ 
rimenis, No. 5, 6, 7, 8, 9, 10, 25, 38, 41, 45. 

In tables of experiments, similar to those registered in the 
preceding table, it is scarcely possible to have errors on the 
greater side j but they may easily enough happen on the lesser. 
We may, therefore, place the more confidence in those wherein 
the quantities of heat manifested have been the greatest. ^ 

In the experiments. No. 13 and 14, the wood of the lime- 
tree, dried over a chafing-dish, was productive of more heat 
than any other wood that I examined. 

The result, it will be seen, was for lib. of this wood barned 
in experiment. 

No. 
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No. 13 - - 3g'e03lb, of water, heated 180° F, ComlioBtion 



And in No. U - . 40-658 Do. "f "<""* f'' 

□I charcoM. 
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III oriler accuralely to ascertain how much water ihw wood 
contained, I dried ihoroughjy in the stove a parcel of shavings, 
which had been previously dried over the cha6ng dish, and 
found that it siill retained 6*977 per cent, of water. 

Therefore we may conclude, that lib. of this rfood contains 
only 930231b. of seer-wood. 

Now. if 0'93023lb. of leer-wood will heat 401313lb. of 

aler to 180*^ F., Ilb.ofthe same wood ought to heat 43'I41 

. ; and I therefore take this quantity of water heated lo 
IBO" F. as the standard of the heal developed in the combus- 
tion of lib. of wood perfectly dried. 

Many persons have endeavoured to account for the htat 
manifested in the combustion of wood, by attributing it alto- 
gelher to the charcoal coniained in the wood burned. 

This hypothesis we have now to examine. 

It has been seen, that lOO parts of the wood of the lime* 
tree, perfectly dried, yielded 43*59 P^rts of charcoal ; conse- 
quently lib. of this wood, thoroughly dried, can contain only 
0'43.'i9lb. of charcoal. 

According to the results of Crawford's experiments, which 
we have found to be very accurate, lib. of charcoal furnishei 
in its combustion only the necessary heat for raising 37'608lb. 
of water lo 180° P. ; therefore the charcoal contained iu lib. 
of dry lime-wood, equal to 0'4359lb. can furnish in its com- 
busiion no more heat than is necesfhtry to raise 25'lillb. of 
water to 160°; but as the experiment has given 43'l41lb., 
there must certainly have been some other substance burned 
besides the charcoal, and which could have been none other 
than hydrogen. 

Before we determine (be quantity of hydrt^en consumed, 
it is essential to ascertain how much heat has been furnished, 
not merely by the chjrcoal iiself, but by the charcoal and the 
carbon contained in the wood j tor it is very certain, that all 
the carbon was burned, since no pyroligneout icid was formed. 

VoL.XXXV.— No. 162, -I According 
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t According; to (he analysei of Meiam. Gay Lussac and Tbe- 
(inrd, lib, of drjr wood contain* 0'52lb. of carbon. 

ir we adopt Crawford's estimate, we shall find, that the 
combustion of 0'52lb. of carbon ought to furnish beat sufficient 
to Tiiisc 2()'9561b. of water to IBO" F. 

Dedacling Ibis ([uaniiiy of water from that given by the 
experiment, viz. 43' 141 lb., we shall have I3'l85lb. a& ihe 
measure of the heat produced by thecombuition of the hydro* 
geii consumed in the experiment. 

From ihe results of this inquiry we may conclude, that if ifae 
heat manifested in the combustion of wood, rather more tboo 
two-lhirds are produced by the combustion of the carbon, and 
a little less than one-third by the hydrogen consumed. 

Tliese data supply us with an easy method of determining 
the quota of free and combustible hydrogen contained in seer- 
According to Crawford's estimate, which we have followed 
all along, Jib. of hydrogen yields in its combustion heat 
sufficient torai8e4lolb. of water to IBO" F. } therefore, the 
13'185tb. heaifd to 180° in the experiment in question, most 
have required 0035l5Slb. of hydrogen, which is consequently 
the amoum of free and combustible hydrc^n contained in lib. 
of aecr-wood. 

Assuming the medium term of the results of the two ana- 
lyses of dry wood, made by Messrs. Gay Lussac and Tbenard, 
1 lb. of seer-wood would be composed of 

Carbon .. OMlb. 

Hydrogen and oxygen, in the neces- 
sary proportions ibr tbrming water 048 



From Ihe resolts of my esperiments, lib. of seer-wood i! 
:omp(i^cd of two distinct Enhstances, viz. 

A skeleton of charcoal, weighing 0'43lb. 

Vegetable flesh 67 
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And these 0*d^lB. of vegetable fiesh are composed of Combustion 

Carbon, free and combustible . • . . O O9O ^f ^arcoal. 

tlydrogen, free and combustible . . . • 0*035 
Hydrogen and oxygen, in the nec^sary 
proportions for the formation of water 0*445 ; 



0-570 



In miking these estimates, I have availed itiyself of the 
valuation of the total quantity of carbon contained in seer- 

t 

wood, given in the analysis of Messrs. Gay Lussac and The- 
nard ; and I have supposed the 43 per cent, of charcoal, which 
I found contained in seer- wood, to be pure carbon. 

Should it ultimately appear, that charcoal-is not pure carbon^ 
which is extremely probable, numerous alterations in all these 
estimates must follow, though the experiments Inade upon the 
woods will always retain their value. And I c^not but hope, 
that they will be frequently repeated, with such variations as 
may conduce to important discoveries. 

It will be a satisfaction to me to know that I have put Idt^ 
the hands of more skilful workmen than mj^self, some instru- 
ments of which they may advantageously avail theniselv^s ; 
and to have pointed out, as well as a little smoothed, a ne^ 
path, wherein they may walk without danger of being lost. 

Section VIII. 

Of the Quantity of Heat hit in the Carbonisation of Wood, 

In making charcoal, a considerable quantity of heat is dissi- 
pated and lost in the air ; whence it is evident, that the sande 
amount of heat cannot be obtained from burning a given 
quantity of charcoal as would be furnished by the combustion 
of the wood of which it is formed: 

We can no^ir determine, with great precision, the los# of 
heat which is inevitable in making charcoal, even when all 
possible precautions have been taken ; as well as that WlSttch 
happens every day in the process employed by the charcoal- 
maker. 

I a 



115 STRUCTURE OV WOOD, &C. 

Combustion As the combustion of lib. of charcoal^ perfectly dry, yieldf 
of wood and heat sufficient to boil56 608lb. of water, at the thawing tem- 
peratdre j and ai lib. of Wood, thoroughly dry, foraishes 
43'33lb. of dry charcoal, it follows, that the charcoal produced 
from lib. of dry wood, should furnish in its combustion heat 
sufficient to boil 24'958lb. of water, at the thawing tempera- 
ture. 

But we have already seen, that the combustion of lib. of 
wood, thoroughly dry, should furnish sufficient heat to boil 
43' 1431b. of water at the freezing temperature } or, which is 
the same thing, to raise it to 180^ of Fahrenheit* s thermo- 
meter. 

. These two numbers (43* 143 and 24*954) which express 
the quantities of heat in question, being in the proportioa 
of 100 to 57*849, it is evident, that the loss of heat inev'Uable 
in the carbonisation of wood, is upwards of 42 per cent., or 
exactly 42*151 percent, of the total quantity that the wood 
will furnish. 

In order to determine the loss of heat which occurs in the 
forests, by the ordinary process of the charcoal-burner, it is 
requisite to ascertain the precise product of charcoal from a 
given quantity of wood, though it is probable that this product 
is very variable. M. Proust estimates it at 20 per cent, in weight 
f|t the highest. 

Adopting, for a moment, this estimate, and supposing the 
carbonised wood in tlie same state of dryness as what is usually 
sold for lire-wood ; as lOOlb. of such wood contains only 
076Ih. of perfectly dry Wood, this quantity would furnish 
in its combustion only the degree of heai necessary to raise 
32 043lb. of water to 180«^ F. 

But the 0'20ib. of charcoal produced by the carbonisation 
of lib. of this wood, according to the usual process, can only 
furbish by combustion a sufficient quantity of heat to raise 
11 '52 1 lb. of water to 180^ F. ; and as the nocbbers 32043 
and 1 1*521 are nearly in the proportion of 100 to 36, it should 
seem, that the loss of heat in question is about 64 percent. 
. One very important fact, which appears to be well ascer- 
tained by the results of this inquiry, is, that all the charcoal 
produced from the carbonisation of 3lb. of any kind of wood, 

scarcely 



-PRODUCTION OP COLD. 

t. icarcelygivesmoreheat in itscombaation than would be fur- 
nished by lib. of the same sort of wood burned, and in its na- 
lorat state. 



A Mode of producing intense Cold. By M. H. 1 



To Mr Mckolson. 



I" HOPE you will give early insertion (o the following pto 
■ posal for producing iDIcnse cold. Tbe proposal itself is a\ 

I that f can communicate at present j perhaps I may be able, ii 
a xhort time, to send you an account of some experimenis oi 

I this subject. 

The diminution of temperatur 

I tion of tbe receiver of an air-]jui 

L clple on which the degie 



observed during the exhaos- Dim 
,p, appears to suggest a prin- "^ ^'"P'-'™ 



tificial cold may be very much j, 
increased. Tbe degree of cold produced in this way appears lo puniooed i 
be proportionate to ihe degree and rapidity of the rarefaction density nri 
of the air contained in the receiver; to increase the quantity ''"ctd. 
of rarifaction, therefore, would be (o increase the intensity of 
the cold. The quantity of rarefactioa will be measured by the 
difference between ihe densityof iheair employed, beforfe and 
after Ihe experiment ; the denser the air is before, and the 
rarer after tbe experiment, and the greater the rapidity with 
which this change is etFecled, the more inienae will be tbe cold 
induced. 

To generate arliticial cold, it is proposed, that a cylinder beitiipropr 
filled wiib air, which is, by means of an accurate piston, to be •" 'ondm,' 
•objected lo very strong pressure. Tlie cylinderand contained retpiver 
air are lo be cooled as much as possible by (he best pijocific tliPli'Qtldsnlj 
mixture, and in this state the air is to be allowed to escape 
through an orifice, intoa large exhausted receiver. Any sub- 
atance contained in the cylinder, or exposed to the stream of 
expanding air in the receiver, will have its temperature very 
much reduced. And as ihe air may be compressed (o an inde- 
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finite degree, it would appear that there would be no limit to 
the degree of cold which might be produced io this maooer* 

lam^ Sir, 

Your obedient Servant, 

M. H. B. 

Edinburgh^ May 17, 1813. 
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Remarkable 
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An explanatory Statement of the Notions- or Principles upon 
which the systematic Arrangement is founded, which was 
adopted at the Basis of an Essay on Chemical Nomemclature. 
By Professor J. Bbrzblius. 

{Continued from p. 47 of the present Volume,) 

IN order to determine whether this phenomenon of com- 
bustion actually consists in an absorption of oxigen or not, 
I prepared quantities of the stibiates of cobalt and of copper, 
as well as the stibiates of these same metals. - By ezposiog 
them to a cherry red heat, I deprived them of their water of 
crystallization^ and when, by a new expositioo to tbif 
same temperature, they did not lose in their weight, I 
considered them as entirely deprived of the water of com- 
bination. I then weighed them very carefully, and heated 
them in a small platina crucible (exactly weighed) to incau' 
descence. They took fire with great brilliancy, and the same 
thing took place in the open crucible, as when it was provided 
with a cover, which shut very closely, and consequently ex- 
cluded the air. When the ignition took place in the small 
crucible, which was closed, it became all at once incandescent, 
and in the lower part, which was in contact with the ignited 
mass ; so that tbe4nterior of the crucible became visible when 
this phenomenon took place. On making this experiment in 
an open crucible, at the moment of ignition, there arose a 
slight smoke, which, in a crucible with a cover, was condensed 
on the top, and proved to be the stibious acid. I have great 
reason to suppose, that this smoke owes it^ origin to some. 

small 
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^B small adbMont. portion! of tbe paper of the fillre, vbicfa, TheoreHcii 
^P notwitbstandmg all my care to pTevent if, were mixed with '^-'"'*^™- 
Ihe powder. The •valine masa, on exposure to igniiion, intcad 
of increasing in weight, lost from one-fonrih to two-lhfrds in 
the hondred, which mutt be aiiributed lo the volatilization of 
the stibious acid. I repeated e.ich of tlipse experiments several 
times, and the qnantit/ of subliiuaie varied cooslantl)' between 
these limiiB. The slibiale of copper produced no visible 

» smoke, and lost scarcely any tiling by (he ignition. It some- 
times happened, that the ignition was only partial, snd then 
the colour was only altered in those parts which bad under- 
gone ignition : but even those parts where the coloor was Dot 
changed, appeared eqiially to resist the action of acids. 
These etperiments prove, then, that the ignition in queslion 
cannot be produced by a combination with the oitigen, or with 
any other body, which did not exist in the previous combina- 
tion. But what, then, is tbe canse of it : We are not as yet 
acquainted with any example where the same bodies may be 
^B, combined in the same proportions in their different degrees of 
^H actual saturation : that is to say, where there are between 
^B theie two bodies two ijegrees of what may be called intimaey 
^ of cotalinolioK. Such an hypothesis would explain the pheno- 
menon of ignition, as well as the new forces of affinity might 
be supposed to have been acquired by that means. 

In this case it is necessary to imagine, that a fresh portion 
^L of negative electricity of one of tbe constituents, is combined 
^^ with 3 corretipandent portion of positive electricity of the other, , 

^K and produces, by this electric discbarge, the phenomenon of 
^^ fire, white the combination, at the same lime, arrivet at a much 
^B higher degree of eleolro-chemic indi0ercnce than before. It is 
^B generally known and admitted, that bodies can combine indifTe* 
rent degrees of intimacy of combination, and in different propor- 
tions : lucb as iron, which is combined much more intimately 
with the quantity of osigen, which renders it osidum ferrosum, 
than with that which converts the ferreous into the fenia 
oxide J and we seethe same difference of intimacy of combi- 
nation with different quantities of oxigen in a namber of 
other combustibles ; but there is always a consideration of the 
diitetent proportions of pans. Nevertheless, the experiments 
I have here cited, appear to indicate, that the ume tUfiierence 

of 
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of intimacy of cotnbinatioD which we find betvcen diSereot 
proporiions of the same subwances, may, under certain circum< 
ilancei, exist between ibe same proportions. 

The phenomena here relnted will afford for lh<; theory of 
fire and of chemical combinaiitin, some very important reculis, 
which cannot, perhaps, be yet foreseen, and approaches what 
tUe celebrated Davy tliscoveied in the decomposition of super- 
oxidum muriaticum* {Euchlorioe D.) At present the most 
pri:bable explanation appears to be, that the stiUc and stibioug 
ncids can form combinations with several saline bases in two 
different degrees o:" intimacy ; and both in the same propor- 
tions between iheacid and the base. The salts possessing all the 
characlerislJCB of combinations, no ciiemist can consider them 
(u mechanical mixtures, But when they become bealed, tbey 












'SirlLDBvyliaefuund, that the si: 
poafd at a ti'ingieralurc bctwpeii 33' 
fire, and prodnccs Oiigen rbb and ^as superojtiduiD muriatojum. TbifK 
is,llii'n,in tliis iiislaace, a clieinicdl scpaiallou, acconipanipij by tbe aaipe 
phcoomci>n wliitli tiikcplnccinnllartsor intimate coin bioalion. Ilkcre 
i», witUont duubt, ■ ifttat anomaly wliirfi, in tlie hypothesis ordilurinc, 
will leinain an enigma. If, on tlie contrni'y, the EUperoxiilnm coutaina, 
according (o tlie laws uf df-tprminali! combiuations, tnice ax mncb oii- 
gta ax niiiTiatic acid , it may be Biippoerd, that tliU sround portion of 
oxigen is till rein combined with an rxlremrly weak affinit]-, wltich, 
in their eoialnnution, was not rapable of prndiicinK the pbonomenon of 
lire, Tlie supi^inxidnm mDrJatusiiin (oxymnrialic gM) is a conibi- 
nation oC muriatic acid with hnir as much oxigen, wliich the acid 
dors not cuiitiuti itself, and the oxifjcn i« funail cumhincd in a miidi 
more intimate degree -, bo mnob *o, that it cannot be expfllrd nithnnt 
Kromptcx affinity. At a IcinpemlDre ritiier elevated, the gas iT^ter- 
oxidiim muriatic um praduces tliu ji;a« supi^iox. muriatosiini, by Cura- 
biains the half uf its exccsii of nxiiicn witli tlic DiiiriulLi: acid, in a 
more intimate manner, and producing, for tliis-rcason, Ihe phpnomc- 
non of lire. The otiier halt' of the oxigeu, yirlding tn a stronger 
afllnity, is disengaged, and the gas ii expanded. The only dilficQlty 
in Ihia cxpIanatiOD is to cooEider Uie superoxidum mnrialiciim M 
compusod of moriatic acid and oxigen, and oat as composed of sn- 
pcrox. muriatognmand oxigcn, whicli is our nsiial manner of const* 
deringtlic different degrees of oxidation, and which appears to be 
correct in annmbcr of circimiilanccs^ hntnhich, nevertheless, is not 
a manner of combination reijiiiaitc in all cases. In short, I merely 
([uotethie explanation as a prolability,Hnd aitbe only one I hare u 
yet been able to coalemplalF. 

product 
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pTodace a pheoomenon whicU indicates, tliat a fresb combina-Tb 
tioa has taken place. Caloric is dleengaged, and as ihe lempe- ,■ 
rature is already very liigtj, this disengagement of ihe caloric 
is sutGcienc to produce intense ignition. On tlii« occasion the 
mass neither gains nor loses in weig|it> but its colour nnd cha- 
racters are altered, and tlie constituents are found to have en- 
tered into another state of- combination which may be called 
■more inlimale, because Ihey cannot be destroyed by the atH- 
nities of bodies which had the properly of decomposing these 
substances before ibis change ha.l taken place. We know 
that a very elevated temperature produces, in several com- 
pound bodies, a degree of chemical indifference ; for eitample, 
the sulphate (if alumine, the lerrtoussulphate, the muriate of 
nickel, &c. on being healed to a cenain degree, appear to be- 
come insoluble in water, and il requires ihe action of water to 
be continued a length of time, in order to restore (heir solubi- 
lity. Alumine, zircon, the oxides of titanium and of lautalile, 
&c. lose their solubility in acids, when heated to a red heat; 
several combinauons of the earths and metallic oxides, which 
are fouad in the intt-rior of the earth, are not lo be decomposed 
by the strongest acids, not'vithsianding ihe affinity of these 
acids lo the earths, under common circumstances, is infinitely 
stronger than that of the earths to each other. In all these 
cases it is necessary, in order to bring them to the ordinary 
slate of combination, to expose these substances to the action 
of a strong chemical agent, and frcqnenlly at an extremely 
higli temperature ; for example, lo butii thein with dkjlies, 
or alkaline earths, or with phosphoric acid, he. I presuppose, 
"Hn this instance, the eleciro-cbemic indifference is destroyed 
in the same manner as theoxide of mercuri' is decomposed by 
beat, and that the coniitiiuenis re-appear separated, and endowed 
■with their original electro-c hemic quaniities. It may, then, 
be very probable, that all these phenomena arise from one 
same cause, and that they are not effective but at a degree of 
combination more intimate than that which belongs usually to 
bodies produced by chemical operations in ai]iieaus gnlutioDi, 
tit at least where water is present. 
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The Oxides of Tin. 

Oxides of tia. We now come to a melul which lias lung been known, on 
for that reaioD, has not been examined with llie tame care : 
tboie lo which we owe our knowledge \a the diacoveriei ( 
ibe preEcnt day. Nuinitlisianding I have taken much trauU 
io ordcMo deieroiiiie (he degrees of the oxidaiions of tin, I 
well with r^ard to their nttmber as to iheir properues, I caiini 
venture [o hope I have exIiauBted this Eubject, but that mot 
itill lemains to be explained by future experiments. 

We find, Amongst the oxides of tin, ihe same geneiBl cfa^* 
racters as belong to antimony, but with differencea, which 
a tran*itior) of metals, from elect ro-uega live to eJectro-poib 

In order to SEceitain nbeiher tin possesses a suboxide oi 
enUeavonred to examine the blactt 61m which is formed 
(urlace of melted tin. To procure this black substance, I exposd 
(ome extremely thin leaver of tin to a very high lemperattir^ 
taking carenot to melt them. They b.'came blackened, 3Dd,wl 
it appeared to me, that the leaves were entirely covered, I took 
them from Ibe fire. On examining ihem, 1 found tbo oxided 
film so extremely tine, that it could not be separated froni tbs 
metallic tin. I then exposed the leaves again lo a coiiiinucd 
heat, hot it appeared (hat the film bad prevenied the air frooi 
coming into contact with the metallic piaris. When the leavei 
were healed to nearly a red heat, ibey burnt brightly, and left 
a whitish powder. Not being able to separate (he Uack 
produced in ibis manner. 1 endeavoured to procure the oxide 
of tin, oxidum htannoasnm, which ihe elementary book* 
describe as white, in ordt^r to compare il with this black 
combustible oxide, and to discover, by that means, if the lattor 
was actDally in a degree of oxidation inferior to the slanDeom 
oxide, oxidum slannossum. I then dissolved pure 
oentrated muriaticacid; Ihe solution was precipitated by the 
carbonate of polaEh, and I washed the precipitate on a filue 
with boiling water. It was perfectly white, and preserved iu 
colour after being dried. Some chemists assert, that Ihe caustic 
alkali precipitates Ihe stanneous rouriaie of a grey colour, 
I have not found it so ; the caustic alkali readily produces a 

whit 
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white precipitate, as well as tbe carbonate ; but this precifutale OxiiUi of ti 

w eaaily dissolved in a large portion of caustic alkali; and it 
does not become the least grey, even the moment before iti 
dissolution. 

The while etannfous oxide, precipitated by the cnrbonale of 
Itali, ditaolved eii!il\. and vvilhoiit disengaging carbonic add 
in the acids, and even in the nilric. It is, therefore, not a 
carbonaie. When heated in a Email retort, which wsj> half 
full, it yielded piiri' waier, and left a greyish powder, which 
was black at iht botiom. I tilled tlie retort a second time 
entirely with the white oxide, and lieated it anew, 1 obtained 
water, but (he oxide which remained wna quite black. On 
being taken out of the retort, and iriiurated into a fine powder, 
it had a colour composed of green, brown, ai'd grey. Healed 
at the point of the flame of a candle, ibe oxide look fire, and 
coniimied lo bum like amadon, or tinder fungus, leaving a 
white greyish powder. It follows from this, that ihestanneous 
oxide is black, and that the white powder precipitaied by the 
alkjli was only a hydrate of ihe oxide. This hydrate is 
exactly the same as the oxide itself, very combustibie. and, 
when lighted at the point of flame, it continues to bum of 
itself, though wiib lext brightness than the pure oside. If Ihe 
hydrate be carefully wathedaod mixed with water, and Ibe water 
healed to ebnIlitioD, the hydraie is decomposed, and the black 
stanneous oxide remains by itself. The phial in which I made 
this experiment was, by accident, laid aside in a pl.u'e where it 
remained four months ; and the black aside wai, at Ihe expi- 
ration of this time, very little altered ; for it had only a slight 
layer of the white oxide on the surface. 

These experiments prove, that tbere is nothing in the cha- 
racters of tliB Stanneous oxide, which justifies the conclusion, 
that the black film produced on melted tin, ia a sub-oxide, and, 
consequently, llie existence of this sub-oxide, is yet very pro- 
bleniatica]. 

Jn order lo determine the composition with regard to qoaa- 
tiry of the stanneous oxi^e, It not being possible to be done in 
a direct manner, I employed the following method : 

I melted logeiber, in a glass retort, pure (in and sulphur, and 
obtained a greyish mass, which was porous, and had a metallic 
lustre } I then reduced it to powder, and mixed it with half of 
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ii'.ttot (In. its weight of pure salpbur pulverized. I exposed thii (o a 
iuddenly elevated temperature, in a glass retort, in order (0 
melt it, and I kept it in h state of fusioii, unlil the sulpbar wa^ 
volatilised. Tlie upper pflft of I lie retort contained a smaff 
quantity of mosaic gold. The sulphuret of tin had a metallic 
lti«tre, of the colour of lead, and the broken part was crjsial- 
!ine, and very brilliant. When dissolved in eoncenlraied 
rourialic acid, it gave out sulphurated hydrogen gas, which,' 
being passed through a iey of caustic kali, was entirely ab- 
sorbed by it. Hence it follows, that the sulphur of the si 
phuret of tin, is, to the oxigen of the stanneous oxide, as t 
luiphur in sulphurated hydrogen g,ia, is lo the oxygen in the 
water. Another part of the sulphutet of tin was treated i 
a glass phial, with fuming nitric acid, uaiil il was entjrel 
decomposed,- the contents of the phial was then careful!^ 
poured into a crucible of plaiina, dried, and at last heated tft' 
3 red heal, until all the acid was expelled. lOO parts of Ih^ 
sulphurei, produced in this manner, 99-5 parts of the whiti* 
oxide of tin. From this, it follows, that the oxigen in rhrf 
white oxide, is nearly equal in quantity to the sulphur of ih? 
solphuret, consequently, the while oxide produced by the n 
acid, contains twice as much oxigen as the alibious oxide, 
cording lo the experiments 1 havealready publiihed, the wbittr 
oxide of tin is composed of 100 parts of metal, and 27-2 p. 
of oxigen j the slanneoaa oxide is therefore composed of: 

Tin 88'028 100 

Oxigen n(>/2 136 

Jf^iie Oxid^ qf Tin. 
It is generally admitted, or at least, as far as I know, never' 
disputed, that the oxide of tin, which is found in Ihe volatild 
combination, known by the name of spiiil of liiav'tus, is 
same as that which is formed when the tin is burned in the air,' 
or oxided by nitric acid. We find it, neverthdeas, Eometimei 
observed by chemists, that the latter is insoluble in the acids, 
when, on the contrary, the first ought to be soluble in it 
as it exisfi in the liquor of libavius. The cause lo which lliat"* 
is attributed, has generally been, ihat ihe oxide produced by the 
combustion, or by Ihe nitric acid, was to that in the spirit 
libavius, as the ignited zircone to that contained in the sails.' 
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The following esperiments put it beyond doubt, that these two Onides of ti 
oxides have not the same degree of okidaiion. 

A solulion of ibe spirit of libavius in water, was precipitated 
by the carbonate of potash, and ihe precipitate washed with 
cold waier. On pouring cold water a second time upon it^ 
it melted like butter on the fihre, and a liquor which bad a 
milky appearance, passed through tlie paper, and was pteci- 
piiatetl afresh when it lell into the alkaline liquor, which wai 
already tilirated. After ihe space of 24 hours, it became 
clear, and was of a pale jellow colour ; it had an alkaline tasie, 
niilwitliatanding. It was precipitated afresh by the addition of 
alkali. The nitric acid, as well as the muriatic acid, produced 
a precipitatej which, nevertheless, was dissolved by an addition 
of acid in excesa. Tlie solulion made by tlie muriatic acid, 
was not altered by ebulhtion, but ibat which was made in the 
nitric acid, formed a jelly a little time before it arrived at the 
temperature of 100°. 

Another portion of this oxide on which cold water had been 
poured butotice, was dried by being pressed between thick folds 
of blotting paper, and ibe drying was at last accomplished, by 
exposing it, in a lemperat': place, to a current of air. The oxide 
then look the form of little colourless pieces, some transparent, 
and resembling pulverized glass. It comported itself with the 
acids in Ihe following manner : 

In sul/ikuTic acid, diluted with an equal quantity of water, 
a great part dissolved, but when a large quaniitj' of acid was 
used, ii was totally dissolved. When the oxide before being 
perfectly dry was treated with the sulphuric acid, much diluted 
with water, it lost its transparency, and fell in a powder, and 
produced a soluble super- sulphate, and an insoluble sub-sul- 

Kiiric /icid has the properly of dissolving this oxide until 
its acid tasie is replaced by au aslringetit one. The saturated 
nitric solution becomes gradually turbid, and, on being exposed 
to an elevated temperature, i( coagulates, loses its asiringent 
taste, and becomes acid again. 1 have not been able to per- 
ceive, ihat, oo this occasion, any of the nitric oxide gas (ni- 
trous gas) js disengaged, probably because the acid is> only re- 
duced to nitrous acid. 

Muriaiic AciiJ softens it at fTi^t, and at last dissolvet ii.j and 
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(hride of tid.thfBeJttliDn bntfihered neither by boiling. "O'' ^T the oMfcl 
tion of a great quaniil^ of conccntrateit mariatic acid, nor B 
(hat of water. 

When 1 precipj'atcd a solution of the spirit of libavin 
the caustic ammonia, ibe preceding phenomena look pla4) 
again — that la to mj, when I poiireH wni«r for a aecond t 
or) the precipitate, it n'as softened, and began to pass thro 
the paperfilterwith the water. The lactesceut liquor vhid 
passed thro'igh the paper, was again precipitated by the additioa 
of more ammoma. On being evapurafed, il yielded a yellow- 
ish jelly, which dissolved in cold as well as boiling waler, and 
w.-is aUo soluble in the acids. The oxide containing the alkali, 
when dried at a moderate lemperaUire, is colourless, transpa- 
rent, and soluble in the acids. Dried at a more elevated icm- 
perainre >t lost its solubility in acids J probably in consequence 
of an ulterior oxidation. The same thing took place wht 
it was lieated to a red heat : it then became, in proportion as tl 
beat increased, yeliow and orange, and lastly a very deep r 
like cinnabar; but as it couled, these colours disappeared tl 
an inverse order, and the oxide only preserved the pale yelloi 
of the citron. The properties which form tbe disIingQishin{ j 
charaelern of this degree of oxidation are, to afford a rety 
volatile salt with ratidatic acid ; and this salt Is not decomposed 
either in boiling water, nor by the addition of concentrated ma- 
riatic ncid, nor by the salts of gold or copper. 



Yellow Oxidt of Tin. 

The oxide which is obtained by the action of nitric acid u; 
tin, is white, and preserves, as I have remarked in anotbef I 
place, altliough it may have been washed in the most oreAI'l 
manner, the property of giving a red colour to turnsole, 
ring ibe drying, it beciime nearly transparent, yellow, and hardjfl 
on exposure Hi fire, il !o5t the water, and, at an elevated len^g 
peraiure, assumed a deep brown colour, which, after refirigt 
tion, remained only a yellow : aud on being pulrerizedj t 
entirely disappean-d. 

A portion of the uxide of tin, obtained by the nitric ack^B 
carefulij- wa.hed, bul nut dried, was digested with ct 
moriauc acid tu a bottle we^I stopped. The acid assumed i 
yeUowigj 



colour, but the oxide remained perfectly insDliiUe. At the Oiiiln of tin. 

expiration of twelve boun, I o|)ened ibe bottle; some oxy- 

muriafic gas eaca|>eti with a slight explosion. I then ilecanteil 

the aciil, and (wured a small quRniiiy ut water upon the oiide. 

ATterjhe oxide was again dejMisited, I poured off the water, 

and added a fresh <iiiaiiiity to the onide which was instantly 

dissolved by it. 

The solution lasted very astriiigenl, was colourless, but not 
perfectly clear. I ini;ted a portion of the solution, obtained in 
this manner, with a portion of concentrated muriatic acid j 
which caused an abundant precipitation. On the liquor being 
poured oiF, the precipitate was again dissolved in water. 
Another part of the same solution was heated in an earthen 
vessel over a lamp of spirit of wine. It coagulated first at the 
bottom and then throughout the whole mass i and in this state 
it had so much the appearance of albumen, that I shouldi 
without hesitation, have taken it for that substance, if I had 
not known what it was. This mass had now lost its astringent 
taste, and become acid ; and the precipitate was not re-dissolved 
during the cooling. At this temperature the water had, there- 
fore, precipitated the oxide by aepnrating il from the acid. The 
precipiiate washed and healed afresh with the concentrated 
muriatic acid, re-produced the same phenomena which 1 have 
described. 

These experiments prove, then, that the oxide produced by 
the nitric acid can be combined with the muriatic acid. This 
combination is soluble in water, but it may be sepaiated from 
tbe water by an excess of murialic acid, and is decomposed by 
the action of water at an elevated temperature. These pro- 
perties, therefore distinguish this oxide in a decid^l manner, ^ 
as very different from that found in the spirit of libavius. 

The resemblance of these two oxides as to their eKtemal pro- 
perties, the facility with which one appears to be converted into 
the other, without it being possible to discover them by any 
visible >:hang?, aod their habitudes with the alkiilis being 
exactly the same, cnakes this disquisition not very easy, and may 
give cause to doubt tbe accuracy of what I have concluded frotrt 
the experiments here mentioned. Nevertheless, in order to 
put the subject beyond dispute, I mixed seme spirit of libavius 
V)lh nitric acid^ and evaporated the roi.itura till it was entirely 
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3, dry, and ibeoxideby the nitric , 
pure [ill in a mixture of tbe nil 
a greater proportion of ihe formi 
it waa dis'iolvcd, a white insi 



.\ab\i 



I then diHolved> I 
acids, but wiilr, | 

It produced during llie tim 
bich, after bein 






dissolved by puce 



a retort, at first produced w 
aflerwards the spirit of libavius ] 
: concentrated, and at the tarn 
iniity of onymuriaiic gai 
a white powder, which ai 



filieri'd on a paper, 
muriate of the oxide a 

The solntion of tin distilled ii 
■lixed with a little nitric acid, 
which became mi 
time disen^'aged a umall quf 
remained at last in the retort in 

beat did not appear to alter, A small qaantiiy of this powder ' 
being taken nut of the retort and mixed with water, was entirely 
disiiolveil by it. The solution wai coagolated by ebullition, and 
precipiialed by an aildition of muriatic acid, consequently it 
was the muriate of the oxide at amaximum, which reaiained 
ID a fixed atatc, al a lemperalure greatly surpassing that required^ 
to volaiflize the liquor of hbavlus- The portion of mnnata^ 
which remained in ibe retort exposed to ignition, slowly pi 
duced tbe spirit of libavius, and disengaged at the same lioM' 
oxymuri .tic gas; but tven ai^ter I bad exposed in a platittt'' 
crucible to tbe highest possible lemperature, mvirjatic a 
remained, which I aeparnti^il by means of tbe alkali. 

Thii experiment )irnvFs, ihat when tin is ilissoked by nitto- 
murialic add, it forms itself into two distinct mariates, of 
which one is deposited in ihe solution when it begins to con- 
laiti a conniderable qiiantily ; and wbeo ihe liquor is distilledr 
the spirit of I'rbavius Is obtained in the receiver, while lbs 
muriate of tbe oxide at a maximum rem.iins in tbe retort.. 
Tbis latter is, with some difficulty, decomposed by heat, and. 
produces oxymuriatic gas and (be ^p^ril of libavius. 

It woul'l be, undoubtedly, 8 very interesting ibing to decide 
what diiierenl influences theie two osides of tin ha 
colours, for which the niiromuriaiic solution of tin is 
employed as a mordant. 

As it is proved by iheae experiments that ihc o:i.idD 
spirit of libavius is nut ihe same as tb:it formed by the Ditria 
acid, and as ibin latter ought to ciinlajn tnore oxigen than the 
former. It is evident, ihat it should contain an intcrraediata 
■juaniity between the staaueoui oxide aud the oxide producedi 
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iriby the nitric acid. This inicrraediate degree can be no other iban 0»de« of tin. 

mnliiplIcatioLi by ij, and bf (he numerous examplfs we 

^already know of this heries, it appears that we do not require 

I yRny special analysis, which at least wonid be very diflicnlt to 

.effect, in order to determine the composition of the 

diate oxide, a'i follows : 



Tin 8313., 






lOOO 

. 204 



xide ai a 



The distinctive characters of the 
the following : Digested with a lixivium of carbonate of al- 
kali, it does not dissolve, but part of the alkali is combined 
with the oxide i but when ibe excess of alkali is taken fiom 
it along with the llxivinio, the conibinaiion of the oxide with 
the alkali is soluble in pure water, and forms a milky fluid, 
which, after the deposition of the part not dissolved, is yellow. 
When ibia liquor is evaporated, it leaves a yellow jelly, which, 
in its dry stale, is full of cracks, and has some resemblance to 
amber. It is soluble again in cold water. The liquor here 
mentioned is precipitated by both alkalis and acids. The sul- 
phuric, liiltic, acetic, aod onajtc acids in excess do not reduce 
the precipitated oxide. If this oxide be mixed with concen- 
trated sulphuric acid, it gaius in volume, becomes yellow, but 
does not dissolve. Theyellow powder seems to be a combi- 
nation with the acid; it is easily decomposed by means of 
water, which takes up the acid, and leaves the oxide its white 
colour. This oxide will combiiie with muriatic acid, and an 
excess of acid readers it insoluble in water. The neutral combi- 
oatlon is easily dissolved by it, but is precipitated by an addition 
of muriatic acid, andia decomposed at a point of temperature 
■which is not as high as boiling water. The oxide is deposited 
by coagulaiingj and the ijuid becomes a mass exactly resembling 
coagulated albumen. The oxideat a maximum, combines with 
water, and it is then white, but on being exposed lo heat, it 
gave back the water, and became yellow. Jt produced no alter- 
ation in it when exposed lo ihe highest temperature possible, 
in a covered crucible of Plaiiu.i. Urged by the flame before a 
blow pipe, it became white at the part where the point of ibe 
flame touched it. Is this a reduction of the intermediate 
•xide J and is the white enatnel, which is obtained by melting 

Vol.. XXXV,— No. 162. K ihe 
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«>xidcs of tin. Hie oxide at a maximam with plambiferoas glass, a combina- 
tion of the intermediate oxide with the glass ? 

I ought, lastly, to remark, that the oxide at a maximam, is 
frequently obtained perfectly white. For example, if the filings 
of tin, and the red oxide of mercury, are mixed together, and 
cx])osed to fire, or if the purple powder qf cassias be ignited, 
and the gold afterwards dissolved by the nitro-mariatic acid. 
This white oxide does not change its colour when ignited in 
the fire, and it is insoluble in muriatic acid, which receives 
from it a yellowish tinge. I imagined at first, tjiat this oxide 
was in a still higher degree of oxidattoo, but I have not been 
able to discover whether the tin gains more weight when oxided 
by the oxide of mercury, which gives this white oxide, than 
when it is oxided by nitric acid. The only difierenc^ between 
the yellow and the white oxide, when both are at a red heat in 
the fire, appears then to consist in a difierent aggregation, 
exactly as Sefsirvm has proved, that the black precipitate, 
which is obtained from corrosive sublimate, by means of sul- 
phureted hydrogen gas, contains the saooe coustitaent parts in 
exactly the same proportion as cinnabar, and, consequently, 
the colour is to be attributed to the d.fierence of aggregation. 

Combinations of the Oxides qf Tin tviik ike saUne lases. 

1 have already mentioned, that the hydrate of the yellow 
oxide colours the paper of toornesol red, but that the oxide 
that has been through the fire, loses this quality. I have reason 
to suppose, that it is the same with intermediate oxide. If we 
add to this, the property possessed by these oxides of produc« 
ing with the alkalies, combinations which are soluble in water. 
We shall have plausible reasons to consider all these oxides as 
acids, exactly as we have already done, with the oxides of anti* 
mony. But, as on the other hand, these oxides produce, with 
the acids, salts which are quite neutral, and are the weakest 
amongst the electro-negative bodies, it is difficult to decide 
what name should be given them in prefjnrence. In the man- 
ner in which these oxides comport themselves with the alkalies, 
and saline bases, they so much resemble each otber, that I 
h^ve uot been able, in my experiments, to discover any difile* 
rence, except that the combinations of the intermediate oxide 

with 
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wltb alkalis, earths, and metallic osides, are Eolable in acids, Oxidn af ti 
whilst the combinalioaa of the oxide at a maximum, always 

leave ihe hydrnte of the oxide uiidisgolved. 

The hydrate of the oxide at a niaximum, is ca5ily dissolved 
ID caustic alltali. Thesolution produces crystals by evaporation, 
■ which are white, and in the form of grains, and have a 
caustic and alkaline taste, but as it was not possible to puriQr 
them from (he very concentrated lixivium in whicb they were 
deposited, I have not been able to an^ilyse them. If, on the 
contrary, the alkali be diluted with water, and as much oxida 
of tin added lo it as the alkali will dissolve, a fluid i^ obuined 
■wliich is of a dusky yellow colour, and when looked at through 
the ligbt, becomes opal and whitish. This liquor does not 
afford crystals, but on evaporation forms a jelly which driet 
slowly, and then becomes a yellowish mass, which is soluble 
.again in water. At a red heat this combination is decomposed, 
the oxide becomes insoluble, and the alkali remains and maybe 
separated from it by water. Jf, on the contrary, this mass is 
burned with an exces.* of alkali, it becomes white, and the 
oxide is rendered soluble in acids. This experiment proves, 
.that the affinity of the oxide of tin is so weak, that heat de- 
prives it of ihe power of remaining in combination, and re- 
duces it to a state of insolubility, notwithstanding (he affinity 
of the bodies with which it is actually combined. The effect 
of an sxce^s of alkali in the fire seems, in pan, lo be analo- 
gous to what we see in silex, alumine, &c. and ia part depends 
on the circumstance, that the oxide is reduced to an inter- 
mediate degree of oxidation. 

CTo he continued.J 
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Thermombtkb. 



3d Mo. 
Mar. 25N W 
26|N W 

27 S W 

28 N W 

298 W 

30| Var. 

31 ' 

4 th Mo. 

April 1 8 W 

2I W 

3;s w 

4,S W 
5S W 
6 8 W 

7 w 

8 E 

gs E 

10 E 

11 £ 

12 E 

laN E 

14' E 

15 N W' 

16 N \V 
i7lN W 
18 N W 

20 N W 

21 N 

22;n e 

23 N E 



30*37 
3050 

3047 
30 43 
3030 
30- 10 
2989 

2925 
29-4.9 
2974 

29 85, 
2985 
2990 

?9 93 

2997 

30 04 

30 10 
30 14 
3023' 
30-34 
3020 
30 20 

29 96 

30 10 
30 J3 
30 10 
30 10 
3009; 
30 10 
30 14 



30-50 



30-28 
3037 
3043 
30-30 
30 10 
2989 
29- 1 8 

29 18 
2925! 
2945; 
29741 

29 81 
2974 
2990 
29871 

2997| 

30 04 
30 10 

30- i 4| 
30 23 
30 10! 

'^977\ 
29771 

30 lOJ 
30 10 
30 05 
3005 
30 06 
30 10 

29 18 



Max. 



30-325 47 
30435' 51 
30450 55 
30 365! 67 
30200' 66 

29 995| 58 
29-535. 57 



292 15 50 
29350 52 
29595 48 

29795 54 

29830 51 

29 820 58 
29915: 65 
29920 69 

30 0(^5 66 
30*070 63 
30 120 64 
30 185 6g 
30-285 66 
30 150 66 
30O8O; 68 

29 8651 66 
29935 68 

30 115 56 
30 HX) 64 
30075' 64 

3«4)70' 57 

30 090! 50 
30 120' 45 



30005' 6g 



Mio. 



35 

27 
32 

49 
53 

47 
42 

35 
35 

27 

29 
40 

45 

43 

37 
41 
41 
35 
42 
35 
42 
42 
44 
41 
42 
44 
40 
32 
32 
34 



Med. 



41 
390 
43-5 
58 
69-5 
525 
495 

42-5 
43-5 
375 
41 5 
45-5 
51 5 

54 
530 
53 5 

53 
495 

55 5 
50 5 
540 
55*0 
55 O 

54 5 
490 
54 
£2 
45 5 
410 
395 

4911 



Evap. 




40 



•43 



•26 



•36 



•53 



40 



2-38 



•27 

9 

3 
•13 



17 



070 



The observations in each line of the table apply to a period of twenty-foiir hours 
begmnmc: at 9 A . M on the clay indicated in the first column. A dash denotes, that 
the result is included m the next foUowing observation. 
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REMARKS. 

Tkird Month. 2?. Hoar frost ; large spreading Cirri. 

29. Temperature 60^ in ihe evening. 2g. Overcast sky. 

30. A veil of CirroiiTattts a. m. Tbc Cumului afterwards 
shewed i(§df, and a slight shuwer ensued. 

Fawtk Month. I. Stormy, with rain. 2, Hoarfrost- 
a sprinkling of npaque hail about sun-rise. Several filiowers of 
this dud some rain during (lie day. 3. Hoarfro-it: Cumuhn 
a. m. Shovrsrs oi snow, and of opaque hjil p. m. 5. a. m. 
Grioitratus, wetand windy. 10. Cirrus and Cumu/u: clouds: the 
I N. E. wind increases in strength : the mornings have been misty 
of late, and (here have been plentiful dews, in consequence of 
Ihe great difference between the tennperaiure of day and night, 
IS. Wind boisterous in the evening 16. Cloudy a. m. 
17. Slight showers. 20. From the 7tb of this month we have 
had summer-lilic days and cold nights : the roads have become 
very dusly, and the earlh considerably dry, 21. Some clouds 
of a threatening appearance from the N. E. in the evening 
attended with depression of temperature. 22. p. m. basty 
afaowers, mixed with hail i afttr which steady small rain till 
evening. 23. Cloudy : aeveral etanty hail showers frum 
large Nimbus clouds passing over. During the approach of 
one of these, a slender tapering, and somewhat twisted column, 
appeared in front, detached from the main body, and reaching 
down to the earth in the manner of a water spout. In a few 
minutes, by spreading on all .lides, it became incorporated with 
the rest of the shower. This is not a very uncommon ap- 
pearance, but I have seldom seen it so perfecily eKhibiCed. 

RESULTS. 

Prevailing winds Westerly, intiirruptcd (tiflor the middle of Uie 

period) by an E:a3terly current. 

Baromeler: greatest observed hciKht, 30-io in. j least e9'18 in. 

Mean of the period 3a-005 inches. 

Thermomeler ; p*ateit lieight 69°; least ST; 
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BLECTRICAL PACTS. 



On thi Conducling Power nf BodUi fur Eleclricily, and th* 
Effect "J Points. By H. B. 



To Mr. Nicholson. 



SIB, 



THE impoilance of electrical knowledge in chemiilry, 
makes it desirable that philosophers sliould ditett iheir 
atteniion la the general effects of thiaonee very lashionabie, and 
siill surptiziag department of experimental knowledge. This 
will, I pm confident, obtain your admission for the following, 

. ^ ■ndperhapsoihEr.eommunieniions, J may hereafter send yon. 

ElMtric»isn». j^ ^^niwa Biill undecided, whether the electric signs be 
caused by one single fluid, or by two fluids ; whether ibe lumi- 
noui appearances be produced by the electric matter rendered 
. visible, or by a deflagration or combustion of the conductors, or 
of one of the elements of the air during its course, or by 
change of its density by mere impulse; wiielber bodies have 
any attraction for this luminous matter, which flies lo ihem, 
or whether they relaiu it merely by virtue of the surrounding 
air, and readily give it out in a vacuum ; whether there be any 
repulsion between the panicles of electricity, since the luminoui 
stream in vacuo does not diverge, and its distribution in con- 
ductors as in the electric well, follows another law than would 
arise from repuKion ? and while these and other very important 
doubis remain J what tbeory can be adopted, or what pecaliar 
□omenclnture can be made use of, which will not, by favouring 
■ome undecided point, lead on into error ? 
Eicitation ; The order in which electrical phenomena are produced, is not 
simple eleulii- '''B ™''^' ^I'S'hle to Consider ihcm in. Eicltalion, which is 
^■y- the first operation the electrician performs, is the most abstruse 

andsuiprizing of all the appearances; and it requires a most 
intimate acquaintance with the electrification of simple con- 
doctors, and the nature of electric charges, before any conjecture 
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can be made wilh ihe least ]>robabiliiy of success rcFipecting it. 
ll aeems proper ihat our enquiries and observalioos shoulil be 
first directed to llie srtnpU'^it eleciric state of conductors 5 in 
the next place to electric charges, nnd lastly to excitation. 

Conductors of electricity may be considered in ibree points of Conrfuelors.'' 
view ; I . Tiiey atlbrd a pawage to Ibe electric matter ; 2. They 
admit of a variation in the quantity of fleclricily ihey contain, 
stid acquire by (hat means what ia called a state of electricity ; 
S. And they admit of avaria.ion in their capacity for retaining 
^ectricity, and by that means acquire an el eetr!'' slate, though 
the quantity of electricity ihey contain dots not probably sufter 
•toy increaseor diiuinition. This is, vhat is usually calleii. the 
tflectric charge, and perhaps depends entirely on the non-con- 
dnctor, which, in all experiicenis, must surround or envelope the 
inductors made use of. 

Electricity passes from place to place, either invisibly Tiitirnatni'*. 
ihrough or over conductors, or visibly along the surfaces of 
bodies. ]f a conductor be very small, in proportion to the 
noantily of electricity, it transmits the electricity visibly, 
Whether its own substance be dissip^iled or not. Astrnnomicat 
I'llver wire, of about the eight hundredth part of an inch thick, 
fiiTery convenient for making experiments of this kind wiib 
(nialljara. Those bodies which are called non-conductors, do 
ill conduct electricity, both invisibly and visibly; and it is 
Jtnown that this power resides at their surface, because glass 
balls charged and se.ilfd up, retain their electricity for many 
years, and the sealing does nothing more than destroy the con- 
pection between tlie outer and inner surfaces. Hence it appears 
brobable, that cL'Ctriciiy is in almost every case, transmitted 
■long the surfaces of bodies, and is not capable of flying over 
ttxiDside table intervals without such a surface to conduct it. But 

e sensation esperienced in the eleciric shock, seems 10 shew 
that it can pass through the internal parts of conductors. 

:luslon we may conceive, how a non-conductor -riiey probn- 
may become a better conductor at a certain density than at any liiy act by sur- 
*^lher. Thus for example, dense air resists the passage o(-f*'^''<"''y- 
Electricity, because its particles are too close together to admit 
Wfree surfaces, wiihoiii their being removed from each other, 
H is effected by the electric spark. If its rarity be greater the 
Eorfaces are more remote, and probably exert their conducting 
power 
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power better: atul if the rati ty be still greater, the leaf from 
one particle to another may be too great for the electricity to 
pass by the iotensities we produce. The iropermeability of a 
vacuum to electricity, seems strongly to countenance this 
doctrine. 

The next point of view in which conductors are to be con- 
sidered, relates to the electric state they are capable of. This is 
usually supposed to be a natural consequence of an attraction, 
exerted between the conductor and the electric matter ; bat a 
more accurate view of the appearances will shew that this 
principle is by no means the leading agent in producing, or 
maintaining electric intensity. For the electric sparks a foot or 
more in length, scarcely ever strike the nearest part of the 
receiving ball, or pass by the nearest course ; pointed conductors 
emit or receive elcctiicity, with the greatest facility; and 
DO conductor retains its electric state in a common boylean 
vacuum. Since, therefore, it appears that conducting bodies 
exert a very inconsiderable force of attraction on the electric 
matter, it remains to be enquired, by what powers they retain 
the intensity they may be made to acquire. 

From the facility with which the electric matter traverses a 
vacuum, or rarified air, it is evident that the preservation of 
electric intensity in bodies depends greatly on the resistance 
afforded by dense air to its escape ; but at the same time the 
pht nomena of pointed bodies, shew that the co-operation of 
another circumstance is essentially necessary to the effect* 
What this circumstance is must be deduced from the solution 
of one of the most important, and most difficult, questions in 
electricity, that is to say, why do pointed bodies throw off, or 
receive electricity with the facility they are known to possess in 
this respect ? For the other question, why do blunt bodies retain 
electricity } is the converse of this. 

The effects of pointed bodies have been accounted for in 
several ways, but the following are the most generally received. 
They who admit of electric atmospheres, shew that the atmos- 
phere surrounding an angular termination, admitting its altitude 
to be every where the same on a given conductor, is really laiger 
than would be required to envelope the less prominent parts of 
the surface, and thence they infer, that the escape or admission 
of electricity must be the easiest of all, at such terminations. 

This 
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it explanation labours under the d'lHiculty of id being hilherlo 

from being proved ihnt such atmo<iphcie9 bave any exit* 

tence ) and lilcewise under Ilia t of (he supposition of an uniform 

iglit of such ainiospfaeres, and their dhposilion to fly off, 

Without any other evident cau^e than an accumulation, which 

lipparenlly ought to be preserved by ihe name cause which 

casioned it, being entirely gtatuiioiiH, Volia ascribes the 

lion of points to the minurencss of their surface, which does 

it admit any senilble (jvianlily of the eleciricity to lake the 

fcrm of a charge,* as it always does in large surfacei, to (he 

idimimition of that intensity (in which ihe disposition to '•scape 

jtepends. This explanation is nearly the Mtaie as ifhe had said, 

fttai the surfaces between which electricity passes, are the ccat- 

ings of an electric plate of air, and that the transition cunsists 

in the breaking of this plate of air, as soon as it is highly enough 

^charged ; that the smaller the surface, (he higher the charge, 

the same power of excitation or accumulation of eleciricity, 

;"being supposed, and, consequently, the thicker (be plate of air 

Jvhich mi^ht be broken (hroiigh, or distance to which the 

ileclriciiy would fly. That the escape or transition of electricity 

]|f prevenieil or rendered less easy by the (Jiminulion of inlensity. 

produced by (he vicinity of an uninsulated conductor is eiperi- 

mentally proved ) but i( does tiot appear probable, that the want 

of this diminution is Ihe principal cause of (he action of points. 

For if we suppose a round ball to be presented to an electrified 
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(he diminished in(cnsity 
munication of electricity, 
:re the principal caufe of 
lat a point al (he same 
it electricity, as soon as 



conductor, a 

should be insuflicient to produce a 

it ought to follow, if the diminutio 

the comraunicaiion not taking plac 

distance would cease to receive 01 

its operaiioD had produced as greal 

ibe ball had produced in the former case ; or that a ball, pre- 

cented ai a given distance from a conduclor, would preven( the 

operation of a point. But it is well known, that (he facts by no 

means confirm this deduction, not to mention that a ball of a 

moderate size produces no sensible diminution of intensity in a 

large conductor well supplied ; and tha(, in many cases, pointed 

bodies perform tJieir usual eifect at great distances from other 
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^H iKxIief, whicii ate supposed lo possess (lie intense opposite slate, 

^H acid do not seem to act much, if at nil, le^s eRcc(uall/'on that 

^H account. I must likewise add, ib'at if a point be made to issue 

^H from the surface of a metallic ball, aud that pan of the ball 

^^K which is diamelrically opposite llie polni, be piesented lo an 

^^B electrified conductor, ihe point, though not directed towards 

^^m the conductor, will, nevertheless, dischaige its electricity 

^^M sileDtly, in the usual manner, though do good reasoo can be 

^H^ aftered to shew why the ball, which by its charge is supposed lo 

^P prevent the transition of electricity lo or from its own surface, 

^V should not equally affect the remoter point. 

f LcrdSisn- Earl Stanhope, admitting the existence of electrical atmos- 

hopc's Uifnry pheres, consisting of air electrified by communication, accounts 
of clectri- '°' 'he action of pomts from Ihe circumstance Ihat their extre- 
fled air, miiies, projeoiing beyond the common surface, are placed in 3 

less dense part of the atmosphere, where the resistance lo the 
transition of electricity is less iban nearer the surface. On this 
hypoiliesis I must observe, thai it is not probable lhat electiilied 
bodies have atmospheres cf air elecliitiud tiy coQununicjIiiin, 
for two very strong reasons. The first is, liiii .I'sOcii (.uiiiiou-- 
nlcatiuQ tooK place almost iimtinily, ip the d^ii^ocG ui' taary 
feel, it would be scarcely possible to shew why the whole elec- 
tricity of a conductor should not be conveyed off in the smallest 
space of tiniej and il is admitted itiat electric atmospheres 
extend as fir as ibeir eilects are perceived. In the seconJ 
place, it is known that the effects of eleciiicity diminish gra- 
dually and regularly as the distance increases, and that air re- 
ceives and loses electricity slowly j — two circumstances which 
are not reconcileable with the litile disturbance which agitation 
of Ihe air produces in those effects. For if the slowly electrified 
air were the cause of the general phenomena of eieclricily, it 
would doubtless cease to act wiih reguiariiy, when the more or 
less eleclrified parts were mixed together. But though ibe 
position of the existence of such atmospheres so fprmed, seems 
inadmissible, yet it will appear, upon consideration, lhat the 
(agacity of the noble author has led LIm to point out the fact, 
on which the action of points principally depends. 

A point considerably elevated above the ^urface of an elec- 
trified coaduclor, emits or receives electricity wilh scarcely 
any sound, and with great facility. When very little elevated, 

thii 
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tbis facility is much \e6s, and the transition produces mere 

noise ; und, when an elevation is about the rjV of an inch, with* 
positive electricity, the point throws out sudden explcshrb 
brushes, and if an uninsulated ball be presented, it emits lottg^ 
zig-zag sparks. The blunter the point, the less it need be de^* 
[leased to produce this chatrge in its property, and some vavlSM 
tions may perhaps follow from variations of intertsily. With 
negative electricity the point does not' lose its property' of 
causing a silent transmission of electricity, till it is very much 
more depressed than in the experimefits with positive elee*^ 
tricity. As a point is in effect a surface so small that one ma-' 
ttkxtie can cause the electric matter to pass off in a continniA 
flax, it is evident that with a great intensity a ball may even b9 
considered as a point. 

These are the leading facts respecting points, and they do ner 
-ii{)peMFiMpabie of being explained by any simple statement. To . 
me they seem to depend on a fact which is the reverse of the 
electric charge 5 bat I must reserve this to a frture letter, 

ahd am, 

»^ 

SIR, 

Your obliged Reader, 

R.». 
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May Jib, 181^. 
The President in the Cfaaih 
Matthew Cully, Esq. of Askeld, NbrthuniberlaDd, 
Tfaos. Beandnim, Esq. of Lee, Kent> 
Were severally elected ni^inbers of the society^ 
Ttie leading 0i Dr. Mac CnUocb's paper en the Geelc^ of 
t^tUftn parta of Scotland, was begun. 

The 
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The 6nt article in this paper (reals of ibe granular qnaHz 
rock of ibe island of Jura. I'hie, by some denominated 
granite, and by olberit, granular quartz, bal by all wbo have 
fcitberlo described it, considered as a prJmilii'e rock, constiiutea, 
the principal and fundamenial rock of ibe inland; in parti 
colar, the three well known conical paps of Jura, of the hei^t 
of 2500, or 2600 feet, are entirely composed of th 

It la disposed in regular unlnterrnptcd strata, all or eight 
feet in ihicknes;, and rising, for the most part, at a conaidera' 
bje angle towards the wett. These strata do not appear to be 
trarersed by veins, except of qunriz, nor do ihey alternate will; 
any other rock. On the shore, however, the dip and direclior 
of the beds are obaeived to vary considerably. The minera- 
logical composition of this rock, presents several varieties 
Sometimes it Is extremely compact, being made up of grain! 
of quartz, of various degrees of magnitude, united without 
cement. Sometimes, besides the ijuartz, it contains felspar, 
seemingly in rounded fragments, ahil often decomposed into 
day. In one specimen, a manifestly water worn pebbit 
quartz is enclosed ) and, upon the whole, the rock [flay be 
Considered a* a kind of aand-stone, consisting of quartz and 
felspar, the Ibrmer in the larger proportion. In some of ihtt 
beds, the aand-stone passes into granwacke-slate, by misiure 
with pieces of mica-alale. From these circiinisiances, D. M, 
considers the quartz rock of Jura as a mechanicat 'i-'posit 
formed from the fragments of older ones, and not as belonging 
to the Wernerian primitive class. According to Professor 
Jameson, howevf r, this very rock rises from below the mica- 
ceona Echistus } we must therefore admit either that the mica- 
ceous schistui described by Professor J,, is not primitive, oi 
that the circumstances under which the primitive rocks were 
formed, were such as to exclude, at the same time, the pro- 
daction of a mined mechanical deposit. 

The next article in this paper, contains some miscellaneous 
remarks on the geology of the island of Rooa. The principal 
rocks thai here make their appearance, a re gneiss and hornbltindQ 
rock (including, under the latter denomination, both hombleode- 
■laie and green atoue-slale). Where these two rocks cotne in 
contact, Ibe gneiss is irregularly carved and contorted} the 
gaeiu 
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^P^eiss is traversed by numerous and thick veins of graphic gra- 

^^ Bite, in wiiirh wolfram occurs. 

The district of Afisynt, forming the western part of Siither- 
landsbire, is ihe subject of the nest article. The mountains 
and higher ground of lliis district, consUls of the same rock 
as the so called granular quartz of Jura, forming here, as in 
the last mentioned island, smooth' conical hills of considerable 
elevation, snow white at their summits, and singularly sterile 
and Hrid. The white colour of the rock, is, however, only 
sapecficial, tlie recent fracture exhibiting' grey, yellow, and 
brown tints. It is distinctly siralified, and rises at a high 
angle. Tbe teiture of this rock is various, from im[ierfeclly 
conchoidal, to loonely granular, composed of rounded grains, 
and in some beds of angular fragments. It divides naturally 
into rectangular blocks, on tbe surface of which, is the appear- 

fance, as if of cylindrical bodies imbedded in the moss, farming 
^ number of circular protuberant spots, of a whiter colour. 
Kid more comp;ict texture, than the rest of the rock. A sec- 
tion at right angles, lo the natural surface of these blocks, 
■bews that ihe nbore- mentioned circular spots are occasioocd 
by the cross fracture of strait cyliiidrical bodies, which are, 
perhaps, the remains of some species ot sabella. Associated 
with this grit, are compact gneiss, hornblende-slate, and syeoitic 
granite, but their relative positions, D. M. was unable to ascer- 
tain. Subordinate to, and apparently alternating with this grit, 
is a great deposit of limestone, in two very thick slralified beds, 
with a thick bed of grit interposed. In some parts, the section 
of these beds forms a continuous and even line; but in other 
parts, is so curved and broken, thai the stratification can 
scarcely be perceived. 

The limestone is dark, grey, or nearly black, of an earthy 
aspect, and minute granular fracture, and smelling offensively 
when rubbed. It does not appear lo contain organic remains, 
but is traversed by veins of red or white calcareous spar;, it 
contains grains of sand, aad, therefore, gives fire with steel. Its 
9'mrface is covered, for the most part, with a loose calcareous 
Mufa, which, in some places, being rendered solid by an ififlltra- 
of calcareous matter, constitutes a hard breccia. 
' In the same valley of iho Tain, of which the above rock 
» the precipitous side, occur insulated masses, rising throiigh 
— th« 
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the grass, of instraiified granular marble, varying in Cjaloor 
from pure white to gray, the geological relation of whicb^ Dr. 
M.> has not been able to determine. This is (he white marble 
mentioned by Williams in his '/ Mineral Kingdom^" and which 
has since been wrought with some success, by Mr. Sophir of 
Gateshead. 

May 21, 1813. 
The President in the Chair, 
William Hill, Esq. Bedford Row, 
Hastinga El win, Esq. of Farnham, Dorset, 
Frederic Daniell, Esq. of Lincoln's Inn Fields, were severally 
elected members of the Society. 

A paper by the Rev. William Greg, Hon. M. G. S. con- 
taining *' Observations on a species of Tremolite foond in 
Cornwall," was read. 

This nuneral occurs in a dark grien serpentine rock forming 
the ridge called Clicker tor, in the neighbourhood of Liskeard. 
It IS accompanied by Asbest. Qn analysis it appears to be 
composed of 

62'2 silicia 
14*1 lime 
12'9 magnesia 
5'Q o&id of Iron 
1*0 water 
A trace of oxide, pf manganese, and of soda. 

3*2 loss 

1000 

The continuation of Dr. Mac Culloch's paper on the geology 
of 'differrats parts of Scotland wasxead, and thanks wece voted 
for the same. 

The granular quartz of IsU appears to be precisely the same 
•reck, or the sandstone of Jura, already mentioned. From the 
observations of Pr. Jameson, coinciding with those of Dr. Mag 
Cillloch It appears to alternate iwith mica slate and clay slate, 
imd with a very important ibrmation of limestone. This lime** 

Eton* 
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stone is more or less granular, and contains no ni^anic n 
nor any beds of fetid limestone : when enclosed between beds 
ofclayslale, il is of a dark blue colour ; when in contact with 
mica sla'e it is grey or white; both varieties pass insensibly 
into the slate within which they are enclosed : and the lime- 
itone, (he schlstus, an < the sandstone, are .videoily n-embers 
of one formaiion. 

The structure of Schehallien is the subject of the nest ar- 
ticle. This mouQlaiu consists of a central ridge in vertical strata 
i.aankeif on every side by beds of mica slate nearly vertical, and 
containing subordinate beds of limestone. The rock composing 
this cenlral ridge, though it has been denominated granite by 
some mineralogists of no mean name, is in fact ibe same as the 
granular quartz of Jura, being composed of highly compacted 
grains of quartz with interspersed grains of eanby felspar. The 
same quartz rock appears in the valley of the Lyon to the S. of 
Schehallien, and it seenss that the mica slaie alternates with 
beds of quartz rock 3 and is, theiefore, of the same xra as 
this latter. 

The vicinily of Crimsn, which is ihe subject Qf ihe next 
article, ia remarkable for presenling nearly vertical beds of well 
characterized granwake and E'^anwakke slate, with equally Weil 
characterized beds of clay slate and chlorite slate. 

The structure of the rocks bounding the vale of Abesfayle, 
is next described. On tracing this country op to Beoledi alter- 
nations of granwakke and granwakke slate with clay slate lirsC 
occur : then comes a fine roofing slate approaching in parts to 
mica slate, but distinguished by a true granwakke structure, that 
is of grains united by a slaty cement, only in this case Ihe ce- 
ment is not clay slate but mica alale : beyond this, the true 
mica siatL- makes its appearance. 

The general deduction from tliese facts is, ihat those rocks 
which have been ranked as primitive schist alternate with rocks 
of recomposed materials, which belong to the transition class of 
Werner : but this alternation throws great doubt on ibe reality 
of transition rocks as dislinguiihed from primitive, and rather 
tends to bring back the original division of rocks into primitive 
and secondary. 
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280 3 for ** olive oilby boiling/* recul oli?e oil thickened 

by boiling. 
a80 29 for " or water," read on water. 
282 3 for '* Do. precipitation of arsenic^*' read Do. 
^•9 29 for '* -773 azote," read 073 azote. 
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A Theory of the Tides, including the Consideration of Resist^ 
once. By a Correspondent, £. F. G. H. 

[The author of these investigationft is sensible that they ard « 
not altogether so explicitly and demonstratively detailed ai 
could be desired -, they were not written with any immediate 
view to publication ; but, as they contain some new results, 
and may possibly lead to new methods of calculation, lie 
thinks it better that they should be printed in an imperfect forro^ 
than that they should be wholly lost, which is the onlyalterna* 
tive compatible with his present engagements. He does not 
apologize to aa author from whom he has borrowed somtf 
ideas, because all those, who are sufficiently interested in tfao 
subject to study this essay, are probably already acquainted 
with that author's works.] 

Theorem A. Fig. 1. Plate IV, 

IF the point of suspension (A) of a peoduldm (A^) be Fotted vibni' 
made to vibrate in a regular manner, that is, according to ^^"^ ^^ * P*"* 
the law of cycloidal vibrations, the pendulum itself may also 
vibrate ]1?gularly in the same time, provided that the extent of 
its vibrations (6C) be to that of the vibrations of the point of 
Vol. XXXV.— No. l63. L sus^ 
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Kiwpeusioti (AD), ai ihc length of tlie Ihread (AE), Mpposed 
to carry tliii point, ii to the ditFerence of Ibe lengthi of the two 

thread*. 



In represcDling the vibrttioni, we may disregard the conra- 
lure uf the pBibf, coRaideiing them aa of evanescent exlent, 
ihe force* being still supposed to depend on the inclination of 
the threads. Lei F be tlieinierseclion of AB with iheverlical 
line £F, then, upon the conditions of the iheorem, BF will 
be eqnal to AB, since BC : AD=AB : AE ' AB, and, by (be 
propeiliea of iimihr triangle* BC : AD= BF : BF ^ AB. Con- 
Mquently the inclination of the thread AB will always be the 
lame aiif V were lis fixed point of Euspcnsion ; and the bod; 
B will begin and continue its vibrationa like a simple peodulucn 
attached (o llial point, the trne point of suspension accompa- 
nying lL with a proponional Telocity, so as to be always in ih« 
right line passing through it and through F. It is obvious, ifaat 
when the thread suspending the moveable point of suspension 
Ts the longer of the two, the vibrations will be in the urns 
direction ; when the shorler, in the contrary direction. 

Srhnlium I. The truth of this proposition may easily be 
illustrated, by holding any pendulous body in the h.ind, and 
causing it to vibrate moie of less rapidly, by moving the hand 
regolarly backwards and forwards. 
,0 Srhnlium 2. The same mode of raasoning is applicable (o 
oscillations of any other kinds, which are governed by forces 
propoilional to iha distances of the bodies concerned, from a 
point of which the situation, either in a quiescent space, or 
withrespectloanoiher moveable point, varies according to the 
law of the cycloidal pendulum, or may be e^tpresned by the 
sines of arcs varying with the lime : such forces always pro- 
ducin;; periodical variations, of which the eilent is to that of 
the excursions of the supposed point of suspension in the ra- 
tioofflion— I, 1 being to 1 as the square of the time of the 
forced, to ibal of the lime of the sponlaneoiw vibraliun, and 
when 1— i is negative, the displacement being in a direction 
opposite to that of the supposed point of suspension, Conao- 
qnently, when a body is performing oscillatioas by the operatiou 
of any force, and is subjected to the action of any other peri- 
adical forces, we have only to inquire at what distance s move- 
able 
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able point must be sitaated before or b^ind it, in order to re* 
present the nctual niag;aitude of the periodical force by the 
relative siiaalion acrordiog' to the law of the pritoary foice 
concerned, and to find an eKpre4>iioti Ibr this distance in tenm 
of t'.ie sines of arcs increasing equably, in order to ontain the 
•itiiation and velociiy of the body at any time, provided that 
ve suppose it to have attained a permanent state of vibration. 

SchoSttmS. If the oscillating body be ioiiially in any other Diffpi-cntciM. 
condition, lis sobsequent motion may be determined, by consi- 
tiering it as performing a secondary vibraljon with respect to a 
point vibrating in the manner here supposed, which will con- 
sequently represent its mean place ; but if there be no resist- 
ance, the body will have no tendency to assume the form of a 
regular simple vibration, rather than any other. 

I Theokbm B. 

I If tba resistance be simply proportional to the velocity, a Forced Tibra^ 
pendolum with a vibrating point of suspension may psf*^^''i»g[","'^p^'^A^ 
regular vibrations, isochronous wiih those of the point of she- velocity. 
pension, provided that, at the middle of a vibration, the point 
of susp''nBioii (A) be so situated as to cause a propelling force 
equal 10 the aciu.il resistance, the esient of ihe vibrations being 
reduced in (he ratio of the whole eKCursion of the point of 
suspension (BC) to its distance from the middle at the begin- 
oiog of the motion of the pendulous body (DC) : and it will 
uliimately acquire this mode of vibration, whatever may baTa 
been its initial condition. ^ 

Let F6, fig. 3 and4, be (hesnpposedlengthof the thread carrying 
the point of suspension, and draw FE passing ihroogh D ; then 
if HC=EG be Ibe eilent of the vibration, it will be maintained 
according to the law of the cjcloidal peudulnm. Draw the 
concentric circles BI, DK.HL r now the initial force maybe 
represented by HD, which determines the inciioaiiou of the 
thread ; and at any subsequent part of the vibration, if the 
centre be advat>ced from D to M, the lime elapsed will be ex- 
pressed by the arc IN; DI and MM beiag perpendicular to 
AB i and taking HL similar to IN, the perpendicular LP will 
ibow the place of the pendulous body, and PM the force, 
which may be divided or resolved into two parts, PQ and tiM. 
But pa is to LK., or HD, as PC to LO, or HC j fonsequently 
L 2 this 
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niBoitr or tides. 
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thj( part of ibe force will alwaya be employed in generatbg tht 
regular velocU; ; and QM is equal to KR^ which is the line 
ot the angle KNR or ECL to the radios KN=DI=AC, aad 
which therefore varies an the velocity, and will always be equal 
to the friction, [jrovided that it be once equal to it, the ratio of 
the (brciii concerned in any two succeeding inslanti being 
always such as to maintain a regular vibration. 

If the pendulum be initialiy in any olhersitaatioQ than that 
which is^ere supposed, its subsequent motion may be deter- 
mined by comparison with a point vibrating regularly : and if 
wc wi»h for a genera! view of the case in an early stage, the 
(■flfect of resistance in these secondary vibrations with re- 
■pect to such a point, may be neglected : but since they are 
not supported by any sn»laining force, they wil! evidently be 
rendered by degrees smaller and smaller, bo that the pendulum 
will ultimately approach infinitely near to the regular state of 
vibration here described, which may therefore be considered aa 
affording a stable equilibrium of motion. 

Ma^itnde of Scholium 1. Suppoiing the relation of the resistance to Ihe 
' velocity to be altered, the relation of the sine AC to the cosine 
CD must be similarly altered, the force eqnivalent to the re- 
sistance varying as ibe sine, and the extent of the vibrations, 
and consequently the velocity, as the cosine of the diaplacemene 
BI : but tlie relation of Ihe sine to the cosine is that of ihs 
tangent to the radius ; so that the tangent of the dis^acement 
will be as the mean resistance. And the site of the displace- 
ment AC is to the radius EC as the greatest resistance is lo the 
greatest force which would operate on the pendulous body if 
it remained at rest at G. 

Different de- Scholium 2. This proposition may also be deduced from the 
former, by representing the resistance as a force tending lo a 
moveable centre of attraction, analogous to the point of sus- 
pension of a pendulum, so as to creaie a new vibration liable 
to an equal resistance ; or sUll moreHimply in the present in- 
itanco, by attributing the whole actual resistance lo the prin- 
cipal vibration, and cousideriiig the subordinate vibration as 
exempt from it. The resistance at G may evidently be repre- 
presented by the force acting on a pendulum of the length AG 
at the distance AC from the vertical line, and the correspond- 
ing cxcuTsiofi of the pendulous body mn^t be repreiented, ac> 
cording 
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cording to tLe former proposition, by GS, wlitch is to AC as 
the length of the thread corresponding to the periodical time ii 
(o the ditfereoce of (he lengiha : so that when the place of (he 
body, as determined by the former proposition, without resist- 
ance, would have been S, it isaclually found in G : Ibe centre 
of attraction representing ihe resistance being always behind 
the body, the body will also be behind the place which it would 
have occupied without the resistance when the vibratioo Is di- 
rect, but before it when inverted - and it will be found, that 
the forces concerned preserve their due proporiion in every other 
part of (he vibration. At the beginning of the true vibration, 
the body must have its greatest velocity in the Eiibordinate vi- 
bration representing the tffect of resistance, and this velocity 
must be «qual and contrary to the supposed velociiy'in the pri- 
mitive vibration, independent of resistance ; coiisequenliy 
AC, representing the greatest velocity in the subordinate vibra- 
tion, must be equal to DI, the sine of the diiiplacei^nt, which 
shews the velocity in the primitive vibration. And this agree- 
ment with the former demonstiation is sufficient to show the 
accuracy of this mode of representing the operation of the 
forces coDcerned. 

Theorem C, 

If the resistance be proportional to the square of the velocity. Res, 
a pendulum with a vibrating point of suspension may perform jl"^ 
vibrations isochronous with those of the point of suspension, 
and very nearly regular, the relative situations being nearly the 
•arae as in the case of a similar pendulum liable to a resistance 
simply proportional to the velocity, and equal in its aggregate 
amount to the actual resistance. 

The mode of investigation which has been exemplified in the 
last scholium, may be applied to this and to all other similar 
cases ; the only diflicuhy being of a mathematical nature, 
since the method depends on the expresaiun of the forces con- 
cernrid in the terms of sines or cosines of arcs, and their ranl- 
tiples i and it appears to be fVeqnently impossible to do this 
otherwise than by approsimation. In ihe present instance we 
cannot obtain a perfectly correct expression for the square of 
the sine: the squara of Ibe sine, in the common language of 
mathe- 
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ma^tieimtici, being always positive, and this case requiring an 
alternalioi) of posiiino and negative values, the common farms 
employed by Euler, Arbogast, and others, completely fail ; and 
tbo diificul.y seems to be rather in the oalure of the problem, 
than in ihe mode of invesiigaiion, for the forniiila which aq- 
>wers the conditions most completely for one part of the 
circle, seeins lo be incorrect at others. Thus we may put 
S*z=aSx+bS-Jx+cS5.>: . . . omitting the even multiples, since 
they would afford different values for ihe corresponding parts 
of ihe first tB'o quadranis, and take the successive orders of 
fliuions, whence we Lave 
5*x=nS.i: + /:S3x + iS5r + . . . 
2Srfa= osr+3f53s+5cC5*+ ... 
2— 4S** =E ~a^Sx—QhSzx+25cS5x . . . 
— BSx^x= —a<;x—2yb<:3x—\25e<i5l . .. 
165*^— 8=aSi+8li53j-+625c55r... 

If io these five equalions we make x alternately «= QW, and 
t=0, we may find five coefficients, a = 7861 b = — ■259B, 
c = —-osjOQ, d = '01612, and e = "00732, which represent 
theordinatesof a curve agreeing with the curve proposed at 
tbe vencsaitd at llie origin in situation, in curvature, and in the 
first and second fiuxions of tbe curvature : and yet tbe curves 
diflersurpriainglyfrom each other in the intermediate parti; 
the ordinate at 40° becoming less than '4 instead of '5. 

On the whole, the best mode of determining tbe coefficieDls 
viz. ('4)('£) appears to be, to divide thequodrant into as many 
parts as we wish lo have coefficients, and lo substitute the con 
pondiogvaluesof ihearcinihegencral ecjuaiton; we thus obtain 
= -8484, li = — -IfigS, c = —-0244, d = — 0081, e 
—•0029, and/= —0013. Then if we make, as before, the 
B<]aare of the time in the entire forced vibration of the point of 
suspension to tbe square of the time of tbe spontaneous vibra- 
lion of the pendulum as a to 1, the distance of the pendulous 
body will be expressed by_^ when that of the point of sub- 
pension is unity ; and accordingly as n— 1 is positive or negative, 
tbe body will be on 1 he same side of the vertical line with the 
point o( suspension, or on the opposite side : and the same 
will be true with respect to the displacement corresponding to 
the first term of the series expressing the reaistaoce, substituting 
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the sapposed centra of attraction for tho point of suapeinion, 
and the mean place for the vertical line : but in the following 
terms, the value of n ia successively reduced to -;, ^^^, 
and so fori] : con seqaently, the whole di.iplaceaicnt imniedi- 
lely piodviced by the effect of the resisiance rSSj.' will be ru 
-(i!? Sx - -;^ S3X - ^_^^ S5Z - ,^ S7^ - ^J; 
^9^ — ;=^ Silx). This diaplaeemcnt will, bowevai, 
cause an alteration of the resistance, which may be considered 
■s a difteteoiial of the former, and since (j')' =-1j/y. llic new 
tesiatancemaj be expressed by the product of ihe new and 
. Iwicd the original velocity, or by — 2t^iisx ( ~- ^x — ^ ^ 
M» "— 5 ^;^^ t;5x — . . ■), and the comequent displacement 
Joay be determined in the same manner as for the original re- 
jiaiaoce. The first term gives 2r*n* - -'^'-^ •j S2x : for the re- 
mainder we raiiit find an e<]nivalent series in terms of the ■co- 
sine'! of multiple arcs, since the direciino of the force of resisl- 
auce does not changs where the sine becomes oegaii\e : and 
each term will require a separate investigation while n remains 
indeterminate; but for the present purpose two of the terms 
.will be sufficient. The method employed by Enter for deter- 
mining the coefficients in such cases is of no use here, because 
it affords a progression of sines only : we must, therefore, put 
azx+bi:3.r+iq:<x+di;?x Successively eqnal to ST.-3.r, and lo .SiiSi' ; 
then, bisecting and trisecting the (juadrani, we find the coeffi- 
cients ■r6(>7, — -3333, 'CSGy, and — -5202, and — ■10,^7, 
— -2SB6, -6421, and — 24/6, respectively, and the whole of 
this second displacement becomes si '«" (^'-'*~i ■''-« ^— 
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r*;"~'^ ^^"+ 7^ ^*'~ 
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~ ^ ?s.+ ^^ ?»- 

For example, if we lake r and n. each equal to i, the first E 
formula gires — 4434 fur the displacement nt the middle of tho 
time, and for the beginning ^ the si-cond at tlie middle, and 
— '0022 at the beginning : but ihi true beginning of ihe actual 
vibration is modified by the velocity belonging lo the tirsi order 
of the effects of rwisiance, wlilch is found in tliis rase '3U0. 
consequently, the true time at rest will be when the velocity is 
— 'Syo in the primitive vibraiion, or when the arc correspouillng 
to tbe escunii)n i> G7°> and its bine '(i'20, which, lessened by 
■0022, 
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*P022« shews the true extent of the excnrsion '9179 ; apd repk^* 
pnipg frotp this point as the beginning, the displacement jn the 
middle will be reduced to about 'O^. Now s^n equ^l mean |:e- 
9i8tance> varying siniply in prp|>orlion to the velocity, would 
pause a displacement in the middle of 'Sgs^ instead of '4434 ; 
and reckoning from the trpe beginpingofthevibration, the dis- 
placement in the middle would vanish, instead of b^ing reduced 
to about '05, and the extent would be 9196 instead of 'Ql^B* 
And if r were sma)Ier than ^, there would obviously be still 
less difference in the two cases. From the small proportion 
>vhich the second displacement bears in this case to the first, it 
may be inferred, that any further calcuIation,of theefifectsofthe 
^hird order> would be wholly superfluous. 
Fatlnreof Scholium 1. Dr. T, has suggested an ingenious method, 

gnlioQ, which affords a formula for the coefficients of the first series $ 

^ut unfortunately it loses its convergence too soou to be of anjr 
use. Taking the equation 25-rfx =p a^i^3bq3i+5fi^x+..,=3:F 

^ (1—5**') ""^5*, we may expand this expression, by means of 
the binomial theorem, into 2qr — q^x — J q'^x^ ^qlx — .. and 
^ substituting the cosines of jnultiple arcs for the powers of ^, 
aud then comparing the homologous terms, we obtain a=2 
j(l._«_g-«y_^-....) where «=A, jS == +.M », y=+4 -i^* 
^—\'i . -f y, i~+ i • V ^ •.. : ^'=-4 («+i^ + V + •••) where 
•=-iV> ^=hh -ta, y == -^'hlB, ' ^ = h^4y ' and c =f — |. 
(«+l5+y+. .) where ^ = -^^5, = i^f ,1«, /== i-M'ft - ? 
but in all these series it is obviops that the ratio of the terms, 
as they diminish, approaches tp equality ; so that it is even difiSr 
cult to determine whether or no this sum is finite. But a still 
greater objection to this method is, that the third fiuxion 
^SS.iqx, treated in the same way, afibrds a very diflfefent 
result. 

him witrrerit S^^^'^*^^" 2. In the case of a simple pendulum, subjected/or 
tanreasthe a single vibration to a resistance proportional to the square of 
T^l'oc*t^ the velocity, the space descrioed may be correctly calculated by 

means of a logarithmic equation, and the time might also be ex- 
pressed, if it were required, in a series. Let the space described 
be X, and the resistance^, then the force may be represented by 
1 — X — y, and the square of the velocity will bey (3 — xar^yx), 
whence y^o,J (i— arirT^yx), and jr7-ax--<^(ucar;;ni^x> and y+«jfJp 
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'. toes (a— or) i. Then if we makeyssiux, % being a fanction of 
^, and ■if=uz'{-xus we have uz'i'zu'jrattzx=^ (a — ax)x 5 and in 

order to determine x, we naay put ux-f av«x=:o«'2 -^ajtsszo, 
HLk= —a*, or aj=<r^«, and, substituting for z'u, e^^u =s 

(a — oj) X, or, if axz^tv, r^u-^w — iw, u=e^w^f e^w w, 
^nd y=;=e-^c«'w— tr^^ww. Henpe (Eul. calc. integr. fr. 

whichjnust vanish when.a"c=co, and e~*»=i, whence C— i 

Scholiums, The same result may be still more simply ob* Different in* 
tained, by repeated approximations, from the first expression vestiganon. 
y=af (x — xir^ijx) : neglecting first the term y'x, we have 
yz=ax — ^ax*, then substituting this value in yle, we have aft/m 

= ^ a^x* — -^ a***, and y==ax — |ax*— |a* x* + TxJ a* **, to 

?yhich we add, by another similar operation, the terms 4-1x3 

fl'*' — i^:; fl'^S and the whole becomes ax — Ja**'^-"^;;^ aV-^ 

2*^ <*'***•• — ifl**+1xja**^ — ... But it is well known that 

^-««=^l— fl*4-laV— iTT^'"*'—* therefore, y=i:l—e-«*—i€^» 
4- i"— -ar 5 precisely as before. The length of the whole vibra« 
tion may obviously be found by making y=^0 : and if it be de- 
sired to determine the time, we must develope, by means of the 

M f 

polynomial theorem, the expression - (a*— 5(0+ a*)** 4- T?^ 

• ^ 

(a*+a');^— ...) '^*, and take the fluent. 

Scholiurrk4. This mode of exhaustion may be illustrated by Pendiilam 
another well-known case of a pendulum with a constant resis- ^^*1» c**"***"' 
tiknce, which is known not to alter the time of vibration. Calling 
the initial force 1, and the resistance a, the velocity destroyed 
will be Ox, if « be the arc proportional to the time ; and the 
diminution of the space will be ^ax^ : but this displacement * 
will cause a new force, which is to the initial force 1 as ^axi* to 
the radius U and is therefore represented by lo^', hence the 

velocity will be increased by the quanfity J^aP'K a=Sr c«3, and 

' the space by Ti;; a«* : so that we have Ja«'— 1:5:; ax^ for the 

'corrected 
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eoTreclcd (3isptacemenl : and ibii corr«clion will, in a aioiUiC 
manner, afford a second of Tb a**; so thai the Irue di.splace> 
ment becomes ^a'^—TZ"'*-^ Ta i*'— T^"'' — ... whicli, 



veil knowc, is equal U 
velocily ok—tt. 
course, vanish. 



a'~ai;'' : and the itiininution of ll 

= aSf i which will, of 
) that the bmly will he at 
rest at Ihe expiration of the corresponding ijroc of a compleW' 
vibration in oue direction. And a simllai muiin orcfllculation 
tiiay be applied to ihe cnse of a simple pejidiilum, wiih s resis- 
tance varjingas ihe square of the velocily, exc-pi liiat here lb» 
variation of the resistance at each step makes the proccBs nioiB 
complicated. 



"Peciiliarirics If ihc resistance be propotUonal to ihe square of the velocily, 
TibratloiiTnitli ' ps'"i"ll™i of which the point of suspension peiforms vibra* 
icsistuce. lioni cotnposed of two regular vibrations, may have its grealeit 
excursions a little after the greatest excursions of the poUii at 
>U9 pension when its vibrations are itiverted, and a lillle before 
them when ihey are direct, provided that the slower vibralioiu 
be the larger. 

In order to express the resistance as correctly Bi possible in 
(his case by a series of multiple arcs, it would be necesury to 
have a great variety of terms, some approaching in their periods 
lo the primitive vibrations, oiliers triple and quintuple of theae : 
but for the present purpose these greater multiples m.iy be safely 
omttled, taking cars only ihat the omission do not aftect ihe 
determination of the coefficients of the rest. The general 
methods of oblaininga series in the terms of sines and cosines 
* of multiple arcs fail here, as before, on account of ihe posiiive 

^ terms resulting from ihe squares of negative quaniilies, where 
the conditions of the problem requite that they should be 
negative, and it is necessary to employ approximations oblained 
from the results of individual substitutions. For rhis purpose a 
series of five or six terms has been tried in various ways without 
tuccesB : and the most convenient form which has been discover- 
ed consists of three only, two isochrongus with the primitive 
vibrations. 
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vibrationa, and Ihe third bavipg a rccorreace less freqaenl hy 
one time in (lie common period than the slowest of these : then 
the coincidence being established at the lime of ihe greatest and 
least excursions, and at the transit of the vertical line nearest to 
the middle of the intermediate time, a mean value of the 
coefficieiila may be obtained, which no where differs very 
materially from ihe truth ; although, if we desire to make the 
coincidence more perfect in any given part of tbe period, we 
may da it by altering the values of the coefficients a little; and 
by these means we may obtain a correction of iheapproxima- 
lion,sufticienily near to the truth, We may also suppose the 
actual compound vibrations to preserve their regularity without 
any material deviation, following the same law as if the resist- 
ance were either inconsiderable, or varied ain.ply as the velocity; 
and we may make the proportion of the greatest to the least 
actual vibration that of m + l to m— 1 ; then calling the periodi- 
cal time of Ihe greater primitive vibration ( 6 ) /, that of the 
lesser (o) being cnity, and x being the arc coiTesponding to the 
time in the latter, beginning with the perfect coincidence in the 
vertical line, the distance from that line al any subsequent 
lime will be expreswd by S*+m S f ; and the velocity by 
5X+"?ft creating a resistance which may be called 
' C'^'+Fti)''' '^^'^''^ *'^* already produced a displacement 
determinable as in the former proposition, whence we may 
obtain from the true place the place in which Ihe body would 
have been found if there had been no resistance. In order to 
.facilitate the compulation, we may assume particular values 
of m and <, making the one 3, and the other iv?; and then 
determine tbe coefficients of the formula aCjB+ic!;^SK+ci-S(*-=: 
(r*+2"yf^-3x)', so as to obtain as correct a coincidence as possi- 
ble of the magnitude and of the period of the joint vibrations 
at the time more immediately to be considered. Now it is 
easily shown, from the well known properties of compound 
vibrations, as applied to the intervals of successive spring and 
neap tides, that the interval between two of the greatest vibra- 
tions will be expressed very nearly by ^^ ' 360°, and the inter- 
val between two of the smallest by -—(360°, provided (hat 
the periods diffi^r but little from each other: and from ihese 
fonnulai we must determine the proporiions of the coefficients 
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iiandc; for i must always be i+2-g^=g-4l, in order tj 
the etjtiaiioti may hold good for the greatesi and least vibratiooi j 

i:on»cquentlya+e=5'B. Wc may first allow 
order lo form with b a result similar lo ihe true compound 
vibration, and the remainder 2'663 roual agaio be dislribuled 
between a and c in sucli a proportion that the interval of 
greatest vibrations may be 5-i aSO^jand m must be so determined 
for Ibis purpose, that ^-i--f S shall be equal to ^-H, whence 
m--^;, and for this part of a, 'a : c=^l : I, 'a = a+c=" 
and'a^l.2663=l-664, 0^480, and e^l, so that lb« 
velocity becomes 48^j'+9'4Ki3J'+?aS>r- and for the interval 
the least vibrations, ■^^^,^=fS, and the whole ii fotind 
3'S^+g'4K-j»«+2i:.« jTiand for a mean falueof the coefficient* 

If now we denote the ratio of the square of the time of the 
most frequent vibralisn s to that of the square of the 
the spontaneous vibration of the pendulum (iz) by Ihe ratio of 
71 to 1, the corresponding displacement will be to the distance 
expressive of the force as —^ to 1, and ihe term 4'8?LrwiU 

exhibit a displacement "f r.r : and in the other terms, siib- 

stiluling, for >i,(-3-;)*/i and (4S)*n respectively, we have — 

and — — T T» or— 3^Tr7! and - ;j --— for multipliers; and 

the distance thus determined shows the place in which thtt 
body would have been if there had been no resistance, which ii 
before the true place when ihe multiplier is positive, and behind 
when it is uegittive : the distance of this virtual place there- 
fore becomesfrom Si+35*-g-r, Si+3S^»i+rn/-^cj-i- — —- — 



{~S^- + 3,^.-^~r.^?,X+f.^r„ 



-)■ 
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obvious that as n approaches to 1, to 'Q344 or to '871, the value 
of the corresponding term increases without limit, and Iha 
period of the resistance may approach to that of the slower 
vibr.ilian. ormay even csceed it, in veijr particular circum- 
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stances : and if (bese periods were equal, the etlect would be Itia 
same as if the whole resistance were attached to the slower 
vibralion, which would obviously be such as is staled in the 
theorem. Bnt for a more parlicnlar ill nstration, we may take 
»^=^, and 1"=-^^ : the distance of the virtual place will then 
become Sc+SSsjia; — ■48(;x^l'l03 ? ^4x — 'iSScs^a;: and by 
substituting in ibis formula a number ef different values for 
a;, we find, when x ^118°, — 252", and — 62i°, masima 
amounting to 4,353, 4-367, a""* 4'342 respectively ; and, 
employing the other values of a and c, a maximum of 2'055 
when j= 15X360* — 280". Here it is obvious that the 
maximum for the virtual place is anterior to the true maximum, 
the escursion 4'367 being considerably greater than 4353, 
which is nearest to the true niaximum j or, in other words, the 
true maximum happens a little after the perfect conjunction of 
the forces whi<^i occasion it, which if there were no resistance, 
would coincide with (he maximum of the excursions. 



W. TUEOBEH E. 

" The disturbing force of a distant attractive body, urging a Distiirlumeia 
particle of a fluid in the directiou of the surface of a sphere, fr""" S™»''»- 
raries as the sine of twice the altitude of the body,— See 
Nicholson's Journal, XX. 209. 

^ Theorsm F. 

I . The inclination of the surface of a spheroid, slightly sllipti- Equilibrituno/ 
Ml, to that of the inscribed sphere, varies as the sine of twice gp^roiU "" ' 
the distance from the circle of contact ; and a particle resting 
on any part of it without friction may be held in equilibrium 
by the attraction of a distant body. — See Nkhohon's Journal , 

XX. 209. 

CorroUary. Hence it may be calculated, neglecting the 
density of the sea, that the primiEive solar side would be '80^, 
and the lunar 20166 feet, supposing the lunar disturbing force 
to the solar as 5 to 1. 



Thbobem G. 

The disturbing attraclinnofthethin shell, cootaitied between Equilibrium of 
a spheroidical"*'"'"™'''- 



penduli: 
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a gpheroidicsl larfkce and its iRi;crib«d jphore, variet in tl 
Slime proportion as the inclination of Ihe mrface, and ii lo it 
relative force of gravity, depending on that inclination, u 
times the den§ity of the shell to 5 limes thai of the sphere.- 
See Niclio/son's Journal, XX. 210. 213- 

CoToltary. Hence the ellipilcil)' muM be to ihat whi< 
would take place if ibe den&iiy n of the Hpbeie were infinite, i 
1 to I — — ; or, in Ibe case of n^5i, nearly as S to 9, givin 
for Ihe solar tide -gi, and for the lonar 1263: if n^5, (t: 
heights are -92 and 2'29I respectively; if n=l, 2-021 an 
5042. 
of tlie Scholium. The direct allrRction, determining the length < 
[ulunj. ^g pendulum in different latitudes, may be calculated ia 
manner nearly similar. — See ^khatson's Journol, A'X273. 
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I When the horizontal surface of a liquid is elevated or depresi- 
cd a litlle at a given point, the effect will be propagated in the 
manner of a wave, wiih a velocity ei]ual to that of a hear^ 
body which hat fallen through 3 space equal In half the deptb 
of Ihe flnid. (be form of the wave remaining similar 10 that od 
the original elevaiion or depression. — See Lagrange, Micaniq\ 
Anatitique i or Young's Natural Philoinphy, U. 63. 

Scholium. In calculating this velocity, it would probably bs 
more correct lo diminish the luulliplier about ^ or ^, as if 
found lo be necessary for detennioing the velocity of iha 
motions of fluids in most olUer cases. {Set Phiioiophicai 
Tramaclions, 160S,} 

Tbbokeh I. 

f A wave of a syoimetrical form, with a depression equal and 
similar to Its elevation, striking against a solid vertical obstacle) 
will be reflected so as to cause a part of ihe surface, at tbo 
distance of one-fourth of its breadth, to reoiain at rest } and if' 
there be another opposite obstacle at twice that distance, thers 
may be a perpetual vibration between the surfaces, the middle 
point having no vertical molion. — See Young's Natural 
Philosophy, I. 283, 777- 

ThDl 



MBTALtlC OXIBES. J59 



r 

^^p^bui the vlbraliotis of the water ^iiiJiioseJ !o be ccnfft'ned '\a 
^^^xanal in the silu'iliua ul itie Lquatur, and gO" in length, 
wouldb« synchronous wiih (lie ranmge ofa wave ISn inbreni^h, 
over any point of a canal of lue sanii^ .'*pih : and ihe ek- a- 
lion and dejireiiion of a spheroid, i.. .r.pv ' ''n iSc rrean 
height, eiiiioits a symnielrical wave in the senao of die ^iropo- 






(To Iv continued.) 



An explanatory Statement of ike Motions or Principles upon 
which the systematic Arrangement is founded, which was 
adapted as the Basts of an Essaij on Chemical Nomtaclatiire. 
I J3^P("/«Jt"-J. Bbezelius. 

■ CConctuded from p.\Z\.) 

A PORTION of the solution of (he oxide in caustic ball, Oxidea of do. 
was prec;;n:3leJ by alcohol, in order lo obtain the com- 
fcination, if puasible, in a stale of purity, 1 dried Ihe precipi- 
tate ill a press betwei;n bloliing paper, and then heated it to a 
red heat. Four grammes of the heated mass, (which, previous 
lo expoaure to the I'lre, did not contain any carbonic acid) were 
treated with ihe muriatic acid, which caused a strong effer- 
vescence to take place, and took up the kali, leaving the oxide 
untouched. I obtained 0'7 grammes of muriale of kali, and 
3'4 grammes of the oKide, which, consequently, had been 
combined with O 44 grammes of kali— that is lo say, the oxide 
contained, in this combination, ten limes as much oxigea as 
kali. Bat it is probable tbal this experimeni cannot -be relied 
upon Willi much confidence, 

A solution of the caustic kali, much diluted with water, 
and digested with more of the oxide of tin at a maximum ihaik 
it c.Aild dissolve, was evaporated to dryness, and treated with 
ailric acid. It yielded 193 2 parts of rlie red oxide of tin, and 
12 parts of potasli. The first contained 42 pans of oxigen, 
and the latter 204 — thai is to say, the oxide confined twenty 
times as much oxigen as the putash. But I repeat, that when 
Ibe affioitiei of bodiei are too weak, and the difficulty of at- 
taining 
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Oxidei of 111), lainiug the ju*t point of saturation considerably great, tb«e 
Kort ot' analytical experiments are not lo be confided itii 
Tlie following experimenle, perhaps, deserve a Utile more con— 
hdeaca, I prepared a saturaied solulion of the oxide of tin. 
in caUEtic kali, which waa precipitared by mean!! of waler of 
barytes. The precipitate was while, 6aky, and very voluminous. 
I washed and dried it verj quiclily, A part, tiwied while-' 
ttill wet, with muriatic acid, was decomposed wiihoui effer- 
vescence ; another part, dried and healed to a r^d heal, in a 
platina crncible, became of a fine lemon colour, and, when' 
treated wiih mariatic acid, it produced a strong effervesceiice. 
Four grammes of this red mass produced three grs. of the 
oxide, and O ~g grs. of barytes. The four grammes v-hich' 
are wanting, is carbonic acid, and corresponds almost exactly 
with the barytes. The oxide contains (JSM parts of oxigcn, 
8'3 parts of barytes — that is to say, the first contains eight 
times as much as the latter. The mixture of the carbonate of 
barytes, and the oxide of tin, at red heat, preserved even in 
the highest temperature that I could give it, its yellow colour, 
probably because the carbonic acid prevents the aclicn of the 
alkaline earih on the oxide, by rncans of which it would have 
been reduced to the intermediate degree; but, at the points 
where the mixture liad been in contact with the carbon, it had 
become white. 

Lime-,waler precipitated the stannate of kali in tlie sama 
manner as the water of barytei. The stannate of lime readily 
attracted the carbonic acid of the air; it turned ydlow at a, 
cherry red heat, and soon became while, without the influence 
of any combusijble body when it was exposed lo a bright re>d- 
heat. 

The stannate of Itali, used in order lo precipitale the metallic 
lolulioos, produced ihe following results : i 

In the plumbic nitrate, it gave 'a white precipilaie, which 
afforded a small quaniily of wnier when at a red heat, and wai. 
changed to a straw colour. 

in ihe cobaltic muriate, it gave a blueish precipitate, which, 
when washed in boiling water, became red; and, by drying, 
changes lo a deep brown, and of a viireous fracture. At a red 
beat it loges waier, and turns black, giving lo paper the colour 
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of nrttber. At a very high temperature it becocnes an ature Oxides of tin. 
blue, and n'ben pulverized, does not lote its colour. 

In ihe nitrate of copper, it gave a greenish white piecipitate, 
'Which, after drying, had a vitreous fracture, and was of a satu- 
«tedgreen colour. When al a red heat, it became black, and 
gave to paper a greenish umber colour. 

In the sulphate of manganese, this white precipitate tarns 
brown when iRf contact with the air. 

In the terreous sulphate, it gnve a white precipitate which in 
fentact wlih the air, assumed all the colours belonging Id the 
fiiddes of iron, and terminates by becoming a vitreous mass, of 
p brown colour, from which the oxide of iron cannot be 

traded, except to a certain degree, by the muriatic acid. 

ty dissolving impure tin in the nitro-muriatic acid, this same 

.combination is obtained, which is precipitated during the eva- 

Jbration of the acid, in the form of a blueish green powder, and 

:#!iich, after being exposed tor some days lo the access of the 

Ir, assomei a dark rusty colour. 

In the hydrargric muriate, (cc 

!Iow precipitate, which, after s' 
#hen well washed, itiurned carnation, ; 
it wai of a brown colour, and appeared ti 
tion. 

In a aolutionof the mnriate of ammonia, it gave a white 
precipitate, soluble by the addition of a certain quantity of 
water — and this solution was easily precipitated by adding am- 
ttionia. The precipitate collected on the filtre is readily dU- 
lOlved in water, aKer the alkaline liquor has been drained off. 
This solution, left in an open vessel, becomes, after a few days, 
less duid, and nearly like a saturated solution of gum arable, 
without tosiiig any of lis transparency. I attribute this to 2 
clom men cement of deposition of the oxide. 

A solationof the oxide ot tin in a diluted lixivium of caustic 
kali being left in a closed phial, was decomposed by degrees, 
the oxide wns precipitated, and the fluid remained like a jelly. 
This jelly, on being shaken a little, became liquid, attd the 
oxide passed through the filtre — if ihey are (o be separated, it 
requires some days for the jelly to set aga'm, 

These espcrimentii prove, thai the oxide of tin, although it 
possesses some of the properties of an acid, hai nevertheless so 

Voi.XXXV.— No. 163. M weak, 



sublimate) it gives a 

becomes red — 

id, after being dried, 

be a triple combina- 



\fi% MbfALLIC OXlDKS. 

tlMof lin. weakan aSiiiitj (0 ihesaKoe baiM, tbat its combinations with 
ihem are decomposed by circonistancei which do doI seem to 
have any influence on (he other saline combinations, We have 
leen, that the stannale of manganese is decomposed by ihn 
access of air, and rhat the alkaline and catthy stannates arc 
Jecomposed boih by the air and by fire. 

I ibinb, ihercfiTe, tliAt, iiolwitbslanding the great analogy 
which exists between the oxides of this, and those of anti- 
mony, they ought not, in preference, lo be called acida, because 
their combinaLiuns, as <4aline bases, have a much longer duration 
ihan those in which they appear as an acid. But lin possesses 
the singular properly of producing three salifiable oxides — (hat 
ix, one degree of oxidation more than the nomenclature admiti 
of. I lake the liberty of giving the laKcr of these three degree* 
of oxidation (he termination eum with the name of ihe metal ; 
I therefoie call them oxidum stflnnosum, oxidum s 
nnd oxidum sianneum. Their combinations with the 
I shall call, f»r example, murias slannosus, mi 
and mti rial slanneus. It is evident, that tbe nomenclatnrt 
allows of their combinations with the saline bases, being called 
iiannalea and tianniles, withont Its being necessary to give the 
nrtme of acid to these oxides in tbevr isolated stale. 
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IS of Tin uilk Sulphur. 



Various chemists have employed themselves in exatuining^ 
the sulphurets of tin, and their results have been frequently very 
difierent } Ihe reason ia, that tin re.quires, in order to unite 
wiihsulphur, a temperatore sufficienily high to volaiiliie the 
greatest part of tbe sulphur before the combination takes place, 
and consequently there remainn, at that moment, too small a 
quantity to saturate the meial. On analysing the imperfect 
combination, tbe resalts were, as may be supposed, vory vari- 
able. It appeared, that the same thing took place with ibe sul- 
phureti of other metals. The celebrated Vauquclin has published 
a tableof the composition ofsulphureis, which looclearly proves 
(he truth of what 1 have said. 

1 have already mentioned, that I had prepared a saturated ml- 
pharct of tin, on remelting the pulverized sulphuret, and care- 
fully mixing 't with patverizedsulpbur, it formed, on ihisoccssion. 
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first, a su'pliuret, which was dccampOii;[l at a lemperatnfe Oxides of ti. 
Bufiicient lo melt it, so thai the melted mass consisted of a latn- 
raietl sulpliurei of tin*. 

The uodermeniiiiiied experiment, in which the aulphuret of 
tin produced an almost equal quantity of oxide of lin at a roas- 
imuni, proves that the rdation between ibe oxides and the aul- 
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rery interesting memoir, has endeavoured to 
urn tnusivum is a combination of sulphur with 
I, but oxided lo a degree which does not exist 
e, and he has adopted his conclusion from the 
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circumstanse, that this preparation, decomposed by £re 
closed vessel, produces sulphur, sulphuretof lin, and sulphu- 
reous acid) and I myself have actually verified, Ihat au nun 
musivura, prepared in the usnal manner, always produces, on 
ihh occasion, a smiill quiiuiil}' of salphurcous add. I haia 
very just reasons, howtvefj to consider this sulphureous acid 
as the product of mailers different from fhe composition of 
aurum musivnra. 

Three grammes of sulpburet of lin, reduced to tine pow> 
der, and mixed wiih I5 grammes of pure sulphur, were ex- 
posed lo a cherry red heat in a little glass ball with 3 narrow 
uezV., closed at the mouth by a piece of charcoal. The ball 
was half filled. When the excess of sidpbur had passed off, 
[ touk it out of (he fire. The ihree grammeanow weighed 
3'33 giammes, and was converted into 3 greyish yellow mass, 
which, except I he d^p colour, had all ihe characters of aurum 
nmsivum, which, iu consc'iueucc of the method of its prepa- 
ration, cannot (.Amain oxigen. I considered it, at first, as in- 
complete aurum musivum, which, if heated more with suU 

• I fried, Ijcfare T funnd tliis melliod, wviTal ullicrs, m liith answcr'-d 
my iiiirpose vpry inipert'cuttv. Aiiiongst iitbera, I madeanamalgHin of 
live parts of lin witli one part qf mrrcurj, t then redaccd tbem lo 
powder, anil luixcd Uieid wHli suiphar, Tliii mixline I exposed 10 Il>e 
fire in a yluls pbial. The combiiiatioD was made iiutautaacoasty, 
U)TDke the phlij with an c^pliisiuii. 

M 3 . phur. 
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). phnr.woirid acquire the cbafactersaf (he molt perrect aurum 
muBivutni On laking it oat of the ball, I mixed a freih quan- 
tiiy or pulverized sulphur, and healed it in the same ball again] * 
but it received do addition of weight. On a repeiiiion of the 
esperiinenl, tlie result was the Game. In tht^e experimeots 
100 p.of Biilphnret of :tin abwrbed II p. of sulphur, in ordel 
to prodiico a species of aurum muaivum, which neverthdeii 
dilTerad from the common sort, in its colour being less brilliant, 
and more inclining lo grey. But these I) p. of sulphur are, 
with 8 very slight difference, half as much aj the sulphuret 
cnntaiiicd belore ; and we have here an example of sulphura- 
lion, which conlBJus ijas much sulphur 83 the preceding one, 
I do not yet know any other exatupie of this multiplier (1^) 
in ihe sulphurels, I made severalvain attempts to combine tha 
sulphureiwith more sulphur by heat, and that proved lo me still ' 
more, that ihe body I had ol*iaineU was a degrea of Ihe sul- 
phuret of tin, of which no mention has been made by che- 
mical authors. This degree of sulphuration is composed in th« 
following manner : 

Tip . , , . /I'S 100-000 

Sulphur . . 23 2 -4U851 

Aurum musivnm, or mosaic gold. It is very difficult to say' 
what circumtttance most principally contribmes to the forma- 
tion of the mosaic gold in the common manner of preparing it j 
and it isvery difHcult to obtain a mosaic gold in this manner' 
perfectly saturated with sulphnr, and deprived of all foreign 
matten. We cannot consider any other aurum musivum as 
pure, except that which has been sublimed in bright yellov? 
crystals during the operation ; but of this the quantity is usually 
very amalh If we endeavour to »ublime aurum musivum 
which has already been prepared, it is decomposed, and the sul- 
phur is obtained, and ihs usual gulphuret remains. A large piece' 
of this aurum musivum was slowly decomposed in a glass re- 
tort by a moderate heat, which was not sufficiently strong lo 
melt it; and when the mass was half decomposed, I took the 
retoit from the fire. I found in the remaining mass three ' 
different lay srs. The first was porous, grey, and metallic— it 
wasthe usual Kiilphuret. The second, which was less porous, 
and of a greyishyellow.consiBled of the intermediate sulphuret' 
whicU I have described. Thia layer was vety fine, and of nof 



more than half a line in thickness. Tbe bat layer contained Oxicioi of li 
the aunim musivum, wbich bad undergone no chaDge. Ihit 
{)ioveB, that the aurum muBivum, before it is reduced to the 
comtnoD sulphoret, passes ibruugh the inlermediate degree; 
but, as this last layLT is very iine, it is evident, that the differ- 
ence of temperature wbich it requires to .produce tljese tfc'o 
Jiblferior layers, is very trifling ; and when the lire bas been a 



3 layer are very 

;itb concentrated 
which, by lie- 
uiuni niusivuiii, 



nhtle too strong, any traces of (he intermedia 
seldom seen. 

The interniediflte sulpburei of tin, digested 
muriatic acid, produces sulphurated hydroger 
grees, assames a fine yellow, and becomes 
which remains insoluble, and is obtained by filtering tbe liquur. 
This decomposition lakes place very slouly, but even after 
iome hours nf digestion, the sulphurated hydrogen g^s con- 
.tinuBs to be disengaged, though still decreasing in quantity. ' 

1 have made several attempts to analyse the aurum mosivwm, 
but I hav* not been able to procure this corabinatlon in a inffi- 
cieoily pure state, and perfectly separated from the intermediate 
sulphuret. A portion of (be common aurum muilvum, which 
tlid not contain cinnabar, a thing this preparation is frequently 
adulterated with, in consequence of the mode mwhicbitis 
prepared, was decomposed by means of tbe nitro-muriatic 
Acid. This liquid] precipitated with the muriate of barytes, 
produced three grammes of aurum miisivum, 7'-iS3 grs. of sul- 
phate of barytes, ignited in the fire, which correspond with io3 
grs. of sulphur. Therefore it follows, that ItX) parts of tin . 
Lad been combined with j2'3 parts of sulphur. This is- not 
exactly douUe what the tin contains in tbe cummon sulphuret, 
but the ditFerence is cot very considerable, and, .with the coii- 
firmalion nthich the doctrine of multiple proportions has already 
gained, I think we may determine, with some d^toe qf cer- 
tainty, thai aurum muiiivum contains twice as much salpbur 
lyilh the same quantity of metal as the conimoo sulpburei, 
' It is very evident, that oxigen is not necessary to the conaii- 
fctQtion of aurum musivium, because tbe latter is produced by 
^ the action of muriatic acid on tbe intermediate sulphuret ; on 
which occasion no other oxidation cao be imagined, except that 
which produces a muriate of tin. 

Aa 10 the nomenclature of these three degrees of lulpbuieis, 

it 
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OxiJts of lin. it is very plaiQ, that which I have proposed is insiifEcletit ; and 
it is necessary to suppoiC a more correct priaciple, or one that 
i) capable of being oarried lo a greater eKlent. I have reuon 
to suppose, ihai all bodies may be crimbined to a certain oura- 
t>er ot mutiiples, which are the same fur all. For example, 
alt combustibles are capable of an equal nunibur of degrees 
of oxidaiioti, as well as of sulpbnration. In this case, the 
tiesl principle for the noiiiendature of sulpburets would be i 
addition of the number of the rauhiple proportion in which 
the sulphur is combined with the meial, as, for example, disul< 
phuretum, trisnlphiiielBLii, &c. It is yet lo<) early lo appljr 
this principle to sulphureis, because we gre still ignoiant wht 
wc should commeiicp oor account. Nevertheless, by taking 
the common sulpburel of a metal, that is to say, the highest 
degree of sulphuraiion which, in a closed vessel, may be heated 
to a red heat, wiihoui being decooitioteii. Taking this, 1 repeat, 
as an artificial point from whence we may begin to count, wq 
shall have fur (he names of these three suiphurats of lin, (a) 
sulphuretum, [i) sesqnisulpburetum, and (i) disulpliureiutq 
alanni. Alihongli it may be olfere^las an objeciiun, that the 
geCond of ll)ei;e denominatiotiB involves aii incorrecl 
lion. With respect to the atonjistic theory, I must observe, 
that no theory h^s been assumed as ihe basis of my esperir 
menls on determinate proportions ; but nevertheless it appears, 
that the result of all my experiments oti this object will codt 
firm such a theory. It will be the time toametidthispreiende^ 
incorrectness in the nomenclature when the theory illustrated by 
ulterior experiments shall have proved in ua wbich of these 
combinations may be composed of an eijnal number of atomH 
of the fwoconstitneiifs, and which consequently ought lo be 
Ibe lirsl. Until this is decided, I think that the uame iequi> 



sulphuielnmwillbe snfKcicni for our purpose i 
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CiieroatioBj respecling ike Figure of a drowned Man formed in 
Ihe Ic^ofths Pond in Hilnaier Park, and upon the Ezplana- 
_ tiani which have been qffWed of that iingnlar Phenomeaon. 
a Letter from Sir George Catley, Bart. 



To Mr. Niehahoa. 

Brampton, May 29, 1813. 
SIR, 

IN No isg of llie Ctemkal Journal, I ob^ 
paper of your's respecting the singular phi 
'figure of a drowned person being exhibited in ihe 
bim. ] bare read with altenlion the very ingenious 
nation you have given of this fact ; and it may, perhaps, he ihe 
trae mode of accounting for it i but I am not perfectly satis- 
fied with your theory, and wish to draw your airemion to ano- 
ther cause i^at tnay have operated in producing ihts appearance, 
and which I think worthy of investigation by a simple experi- 
meat -in the same pond next winter, through the medium of 
snygentliman residing near it. 

You must frequently have observed, that in muddy ponds carburfttid 
a great quati^ity of gas (carburetted hydrogen) rises in bubbles bjdrog tn 
from the bottom, and that, although this effect is produced "'" '" P"" ' 
^silh greater rapidity in summer ihan in winter, yet that pond 
ice is very frequently quite full of babbles and blisters irom 
the source, some of which are very minute, and others form- 
iag large flat circles resembling smooth shillings ir half crowns 
within iho ice at different depths, according to llie thickness 
it possessed when thebubbli 



J 



i 



Water parts with the small portion of air it held in solution xiipiarfiilinb- 
during freezing, and thus a number of minute bubbles are Weain iccsup. 
found in almost all ice J but the copious supply of bubbles iff^^ ttit"oi- 
allude to, certainly arise from the bottom, as thr portion of lom, 
water congealed at the surface is not sufficiently la^e to pro- 
duce them. If, under these circumstances, any convex body 
rested lightly upon the mud, as that of the drowned person 
alluded to, all the pond would become affected with the bub- and liable 10 
blc!, excepting that portion of it immediately above the body, ^^ iotercrined 
where 
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l>y any sub- vhete they would be intercepted by il, and obliged to paV 
ftOnce l.vmfi obliquely under it on every aide, ilH jliey could rise with peifeot 
the theory of perpendicularity, and thus in ihe act of freezing, give an accu- 
tUe figure. mulated wbitenesa to a perfectly distinct outline of the &giir« 
in the he, as appears lo have been tlie case in this inslancs. 
The ice forming within tliis outline would not be agitated, and 
therefore would be clear, hard, and slippery, according to tba 
reasons you have given, and the lest of universal experience, 
whereas the whole remaining ice would be full of while bub> 
bles, and tba coofusedcryslalUzation would include the inipui 
rities of the water. The cbief objeciion to this theory is, ihat 
lhe£gure of ihebatsbould have been formed, as well as thai 
of Ihe body ; but if the delineation be correct, it appears to 
me, tliat the whole length of Ihe figure with ihe bat on » 
given; and that the head, resting on ibe back of the hat, baa 
formed ihe thick appearance represccted, aided, perhaps, bf 
Oh'erl'an to ^"""^ derangement of the frock, Ihe objections that occur to 
Ihe Editor's me respecting your tbeoiy, are— first, ibat there waa scarcely 
Aeory of pu- (jmefor putrefaclipn to have commenced bo as to havegenerale^' 
Ihe body. Sic. any heat. Secondly, that if such hot streams had risen, th^ 
would probably have spread on all sides under .the ice, leaving 
no abrupt outline, much less &d accumulated one. And 
thirdly, that if beat confined to this space had been the causoj 
the ice must have been thinner over the body than in other 
parts of the pond, which was not the case. On the sopposiiioo 
of bobbles from Ihe bottom being the cause of the phenaiae- 
non, the precision of the figure is satisfactorily accounted for, 
excepting the alleged want nf the bat, which, if it be not a 
mistake,.mihtatesei)ually against Ihe other theory, as no good 
reason can be given wby the wet hat should be a worse coiir 
ductor of heat, than the rest of the wet clothing, particularly 
where consisting of many folds. The plate expresses a greater 
breadth of outline at those places where Ihe figure is the thick- 
est, and this would be ;i necessarj' consequence of bubbles, at 
ihcir accumulation at any point must correspond with the mag- 
nitude of surface at the bottom, intersected by that particular 
part of the figure. Upon the whole, therefore, I am inclined 
lo think, that this curious fact is more likely to have been 
^»! caused by bubbles than by heat, allhongh if it could be clearly 

"i'H* pade out that there was noferilier representation of the head 

than 
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' become painted ou' '""^"' "'' t""* 



Ifcgn to the face, this iheorj- must be given up; unless, indeei], 
'Dw iDp of the head had been forced aoder [be mad, which ii 
iWt very probable. 

■ I ihink U very possible that this ice ghost may be put to rest, Propoied e«- 
jf any person will place a convex piece of wood, weighted to P^''""*"* W^^ 
'lie rather beflvier ihan wnier, at the bottom of the tame, pond uf wimilai 
IHxt winter, when, perhaps, its figure 
Ae ice in a siroilar manner to that of the Linforl 
i'tbrowned there. 

The fad of llie thin covering of snow liaving been diuolved The alisenct 
'^ipun the clear ice, and retained upon the rough, may posiibly ^^^g' ;^^ ^p ^^^ 
te owing to the diiTerent conducting powers of ice in these figure dcci need 
two Blates. I have frequently observed, that hoar frost 'conti- '"'" J^ ^^^^ 
Dues longer over hollow drains than in other places, which I ducting pow- 
conceive to be owing lo the communicaiion of heat from the"" 
body of the earth being iniercepied by the corfii«d air. The 
bubbles, emraneons matters, and confused crystals, of the 
tough ice, may ba less capable of conductiog caloric, than the 
eom pact clear ice; hence, when the temperature of ihe air 
was below ihe freezing point many degrees, the snow upon ihc 
clear ice might be raised nearer to the iRmperature of 32, or 
•bit of tbe water below, iban that upon the rough ice, where 
die water from below bad less influence. Under these cir- 
etjmstances, the sunshine, or other transient warmth, may have 
crpated a temporary thaw, which has been sufficient to melt 
that thin portion of snow already but little iibove the freezing 
point, whereas it might nut be able, during the same inlerval of 
time, TO raise the other portion of snow from a low tempera- 
ture up to the freezing point, and to dissolve it also. I must 
acknowleiJge, that it requires a very nice adjustment of all 
IhesecircnmsOncei lo have prodiiced the effect described, and 
U)erefore that less conttdeuce can be plated in this theoiy of the 
bet ; but whatever be the true account, it seems probable that 
■ome unusual combination of circumstances must have taken 
place; and iherefore it becomes more justifiable to point out one 
Jal least of the possible combinations capable of producing the 
, j^ent. 

1 remain. Sir, 
Your ob!igc:d and obedient Servant, 

GEORGE CAYLEY. 
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SEAPINfl HACH1N>. 



Thrtheoiy P. 8. — Since Ihe above was written, T have seen the cnrioni 

J^j^i'^l^^obtenaiiona of Mr. Harvey, and likewtje the very extraord}!' 
th» ri'marka- nary fact of trees being discovered under ibe Irish bogsbji 
k'^k!" I ^* corresprinding delineation upon ihe snrface of the iceabov« 
drtim aird ihem, an alatiiJ by Dr. Chlcheater. This fact, ai it seen 
apon ice. occur frequenlly, deserves lo be fully investigated by competent 
persons. Hiid ibese trees only been at llie bottom of the 
vater, and not wUhin tbe bug, I sliould have a^ribed their ap- 
pearance on the ice either lo a gL-neraiion nf bubbles from lh« 
tree, rising to the surface in the shape of Ihe brandies, or by 
their having iniercepied Ihebubblei rising from the bottom of 
the bog, when i hey generated no babbles; thus varying tbs 
conducting power of ihe ice, and affecting its atiraciive infiu- 
ence towards the deposition of ihe hoar frost. But I suspect 
from this 6ict that there is something more extraordinary ia 
these ice figures than the ascending streams of heated water, 
ulcBgenous particles, or bubbles, will account far. 



Detcriplioii of a Machine far reaping, lued ancimtly ly th§ 
Gauls* 

Grrat adsan- HpHAT nothing should be neglected which relates to tt^fl 
tagcHtobcde- _||_ arts, but ibat all the known processes ought to be de- 
•xtpadedpob-*"'''^''*'''* "^^re and precision, has been incessantly repeated, 
Iie«ionol'uBe.M. Lenormand, Professor of Natural Philosophy and Chi 
^^mac mis, ^^^^ ^^^ ^^^ author of various memoires, expressed his persua- 
sion, that the arts would have made a more rapid progress if a 
collet;tion had been long ago made lo form a work 
all the inventio 
repertory, whf 
be most useful 
chine, or the n 
valuable concli 



hich have been known, la such a general 
every one could refer lo that which might 
his pursuits, be thinks the most inferior 
>t iudiflerent process, might give hirih to some 
ms in [he minds of such ingenious individuals, 
as are endowed by nature with the lalifnl of inventing, or ol 
bringing to perfection, discoveries already made. Impressed' 
with this conviciion, he has thought it incumbent on him not 
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REAPINQ MACHINB. 



Llo overlook the descriplion of an iogenioas machmc, Icnown (o 
•ory few persons, and which we are persaaded few learned 
men have remarked. 

" Wtlhin ihese few daj-s," says M. Lenormand, " one of 
my friends, who is much employed in reading the ancient au- 
thors, was siruck wiih a passage of Palladius Ruiilius Taurus 

'.JBmiliavut.ia which he describes a machine used amongst 
tbe Gauls for reaping iheir Heldj. The coostructiou of this 
machine considerably embarrassed my friend, who was not 
well acquainted with mechanics. Knowing that I occasion- 
ally mad.' them my study, he brought me that author, and re- 
quesied me to explain, as well as 1 was able, ihe detail which 
be gave. He farther wished me to make a drawing of this 
luachine if I succeeded in clearly underslaoding It. 

" I think I have understood the meaning of the author, and 
have (Itawn ihe machine according lo his description; and I 
think the publication of it may be of use in assisting the pro- 
gress of Ihe arts. 

" Ii is well known, that the precise epocha at which our 
author wrote, cannot t>e determined. It is ascertained, that 
he lived before Cas^iodoriis — that is to say, before the year 514 
Df the vulgar era, after the decay of letters in Rome. Palla- 
iJius was siill living in the fifth century, and the reader will be 
not a Utile surprised to 6nd at this epocha, which is termed by 
the moderns the barbarous a^es, that the arts had arrived at 
fuch perfection, and the description of ibis machine given by 
pur :iuihor with soch correctness and precision. 

" I do not pretend to say here, that this inachtnB was perfect. 
Much is wanting — but though its consiruciion shews many itii- 
perfectionE, we ought no\ the leiistaconcUide, that even at that 
period, men were already occupied with the improvement of 
Ihe aria, for this machine was undoubtedly not iheonly one in 
p«e. 

" Tbe following is a literal translation of that passage of the 
author*. 



sFrilrinii! an 
aneient reap- 
iag machin*, 
ol'the Oaals. 



I'VplBQatioa 
developed. 



* Pnr.s Galliatuni plaaior hne CDrnpendio iilitur ad mvteud 
Dfifti'i liamiiium tnborn, uuiiii tiovit opera spatiuiii li>Un; mess 
ntmit tit itaqne veliicainm, qiiod diiibaE Dutin breviblia Ii 
■i>ju> qiiitdrata. superficies tabulis iDanitiir, qua! furinsecila recll 



19t lIlilAPlKti MACHINE. 

KcBping cftr' " ' In Uiat part of Gaul where ibere are plains, the inhjibi' 
rit^nacd b7 (ama jj^. e ., meiliod of reaping, which greatly ecoDomises the 
tbc plain ronn- lahoDr of men, and hy which a single ox can get in all the faar- 
trj'fdacijbcd. vest. For this porpose^ they make use of a machine UrowD 
upon 1 wo small wheels, the square surface of which is furoishod 
with pbnks inclining outward, in such a manner that they render 
the upper part much larger than iho lower. The plank in 
froDt is not GO high as the others. On this board are placed in 
one row, a number of teeth, the distance of which 19 regulated 
by the size of the car, and of which the upper exlrentities are 
recurved. 

" ' Ac the back of this car are two short pieces of wood like 
the pales of a litter. An ox is there harnestied with his head 
turned towards the car. aulScieatly broken in to obey the 
driver. 

" 'As soon as the latter directs the carriage amongst the com, 
the ears become entangled belweea the leetb, and are collected 
in the receptacle, being sepnraled from the straw, which remains 
upon the field. The driver who follows the ox regulates ibe de- 
gree of elevation of the machine according to the height of the 
Ufheat. In tbU manner, in a few hours, by going and rMuming 
a few times, the harvest is soon tinisbed. This method cannot 
be used but in level countries, and where the straw is not 
wanted.' " 

The explanation of the drawing 1 have made, according to 
■unnno rodilant spatia Isrstora. Ab i^iib frnnlf carppiili brevior est 
Hltitudo ubiilsniin. Ibi ilentii^nli pliirimi, ac rari ad Epicarum m€iigii. 
ram, cDPttituuDtar in ordinem, sd snpcriorem partem rerurvi. A tergo 
veto ^usdca vehiciili duo brovisBiaii'temaiiet figuranturjtelut amitei 
tiasternariim, Ibi bosMpilein vetaicnliimr^rta,JDgoaptatur ct vin- 
t:lili9, niansuetus aatie, ijui nan iDodum compnlsoriH eirdaC. Hie ubi 
vehicalnm p^r nieest's carpit itnpellcre, omnis spica iu corjientum deil> 
ticLilix comprcticnsB cumulaiur, abrnptia ac relictii paleU, altitudibem 
vel hnniilitUcin plprumque hubulcomoderante.quisfqniiHr, c-t itaper 
panroaitusHc rFititne,.brcvi horarumE'patiottita mesna impletar. Hoc 
ramptstribiij lods, vei Eequalibus atitc rut, et iia qiiibaa neceuaria 
paka DDQ habt'lur, Li/i, 7,° tit. £ piif. 3'lT,tifiI Jjugduni, anna 15^5. 
/•hq. H6,edit Bipmti, laaa 1B'B7. 

* The aliuns caondt be so short as tlieaiithomys, IircFiiiimiff- 
nwn >■ Tliey ougbl to exceed the length uf the 01, in order tiist the 
driver, who ia bcliiiid, tnay move them withuHt troulile or tktigue to 
the aainiali 
•' — . *• 
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KBAPme HACDRIB. 



this description, will give a perfect notion of this machine, 
in which I have only made some very slight alterations which 
2 thought necessary. 



Description of the Design, Fig. 5. Plait IK 

1. A. B. a boK in ihe shafw of a kneading trough, Uffcrenee to 
mounted obliquely en ihe frame of the carriage, so that the ^''^ tugravin! 
driver may incline it more or less by means of the asalst- 
■ace of the two long poles CD, and EP.— G. H. shafts of 
the carriage to which the ok is barnes5ed by the straps } I. M. 
is the board in the front of the box, which is not so high at 
the others, and upon the edge of which are a row of iron pomts 
corved inward^ and sutBcientty close, so that when the straw li 
engaged t>elween them, and the machine advances forward, 
the ears cannot clear themselves, but are separated from the 
straw by the effort the ox makes to advance. 

It appears, that in those limes this machine was used, the Conclosioi. 
Straw was left on the ground in order lo enrich it, and 
was buried in the earth by repeated ploughing. If this ma- 
chine were again brought into use, after the corn was removed, 
might not the straw be removed in (he same manner as grass 
If this were the only disadvantage that presented it- 
. self*, it might soon be obviated ; but I think much com would 
r be lost, and in this point of view, this machine, so far from 
nical, would be prejudicial in agriculture. It re- 
* quires (o be considerably improved : bat this is not tay present 
object : I have proposed merely to give a description of it. 
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REMARKS. 

Fovrtk Month. 24. Heavy cumulostratus clouds through 
iheday. 25, Kain, nearly (he whole day. 26. Th&maximum 
of temperature, at g a. m. cloudy : clear at evening, with cirri, 
37. A wet day. 28, Wet nioroiDg : cloudy. 2Q. 30. Cloudy : 
much wind. 

Fijih Montk. 1. The maximum of temperature, at Q a. m. 
wet. 2. Cloudy a, m. In the afternoon the j^ky cleared pretty 
suddenly, save (hat some dense atvtuius clouds remained in ihs 
N. E. to the sutnmit of one of which a drrostratus was ob- 
served for a considerabie time adhering, which was at length 
tQcorpoiaied with the larger cloud. The moon appeared with 
a pale, golden crescent, the remainder of the disk being pretty 
conspicuous. 3. Dense ctimu/uj clouds to the S. with cirrus 
and cirTociimulas intermixed (as before thunder.) A shower 
of large drops about sunset. 4. Overcast sky, a. m. About 
(3 p. m. (after some previous dri)iping) a thunder storm, tha 
weightof which fell loihe £. of us. A most brilhant rainbow, 
(ogether with a complementary one, was eihlbiied for about 
40 min. The space included within the proper bow was very 
perceptibly lighter, and that tvilhout it, extending to the com- 
plementary arch, as much darker than (be rest of the cloud. 
A itigtiliitgale sang with ipirit in the midsi of the shower. 
a. a. m. much dew : p. ra. a large nimbus in the N. Cirrostra- 
t.MintheE. and rirrui above, stretching from E. to W. The 
large cloud moved away by W. into the S. A thunder storm 
ensued in that direction, though nearly out of hearing, and 
lasted till midnight ; after which we had a sudden heavy 
shower. 7. a.m. cloudy; p.m. (after a shower) clearer, but 
with iudicaiions of more rain. 8. An appearance of much 
electrical action in the cloudsfar to theS. and S. W, 9. Afew 
drops of rain a. m. various modiScationi of cloud appeared thii 
day. 10. Nimii ; dripping afternoon : rainbow : fine even- 
ing. 13. Cloudy, windy. 14. Much wind. 15. Thesame: 
csim night, 16. 17. IS. Much wind : showers. 



I 



RESULTS. 

Winds variable. 

gmti'st beight, SOU in. j least 39-3G ia. 

lutim of Uie ptTiod ifS'GZB inches. 

TlieniiOQietiT : ^i^eateit help bt 74"; least 30°; 

Mean of the perioil, Si-TV". 

EvaporatioD (the goage being now placed on tbe ground) 1-67 in. 

A gnage placed againit the aorlli wall of the house, atabontievei 
fi-et elevatiun, gave, for tlie evaporation in the same time, only 1-it 

L. HOWARD. 

TOTTENHAU, 

Sixtii Aftstii, 9, 1813. 



I • 



^fja pKtM (UtiSfHb^: 



VI. 

Notice ff a Prize ojfered hy the Medical Society of Edin^ghi 
for the best Essay on the Question, " IVhether Amtt deafh 
iorbed' during Respiration*' 

B^Hburjgh, yih Mays IfMi^ 
SIR, 

YOU will confer an obligation on the Medical' Society rf 
Edinburgh J by inserting in your valuable publidttibh the 
following paragraph : 

The Royal Medical Society of £dinbnrgh propose, as'the 
aobject of the prize estay for the year 1815> th6 foliiMog 
qoestion : 

V h azote gas absorbed in the longs during respiration ? It 
it is not, whence do herbivorous animals derive their azote V* 

A set of books, or a medal of five guineas value, shall be 
given to the author of the best disse. tations on an experimental 
investigation of the subject proposed, for which' all the merm« 
bers honorary, extraordinary, and ordinary, are alone invited 
as candidates. 

The dissertations are to be written in English, French, or 
Latin, and to be delivered to the secretary, on or before the 
Ist of December of the succeeding year, to that in which the 
subjects are proposed. And the adjudication of the prize shall 
take place in the last week of February following. 

To each dissertation, shall be prefixed a motto, and this 
motto is to be written on the outside of a sealed packet, con- 
taining the name and address of the author. No dissertation 
shall be received with the author's name affixed, and all dis- 
sertations, except the successful one, will be returned, if de- 
sired, with the sealed packet unopened. 

I am. Sir, 

Your most obedient Servant^ 

N. BAIN, Secretary. 
TofTtlUam Nicholson, Esq: 

London^ 
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Letter frwn a Correspondent respecting an Etror in Mr* Wood:* 
hoTttt^s'Eteftt^fdry TreatUe &n' A^ltonoiny , 

■ 

■ • ' " . 

SIB, 

THEBlecuefot^ry Tr^tite oh Astfondmy pdlrfisUed last year 
by Mr. Woodhoiise, of 'Caius CoMege, In the tlfnlveriit jr 
rE>f Cambridge^ h, I'pisfkfe no doubt, in the hands of most of 
your astronomical r^adiers; perdiit me to 6ffer^ throogti'ftie 
inedium oTyonr Journal, a Tew observations oft the method t)ie 
learned author has there adopted for adjusting a sTderial cloc^ 



learned ami 

to'o^.ctr.il 



Ifaving d6teritiiVi6d, by means of the di'fferentTal ^ries^ 
yt=a-4-dx-f-d*x'(x---1) -f, &c. the time when the son enterea 






the^qCiator. which in the example selected, is March 20tb, 18*^4 
IL^a3^^ for meridian of CambHdge ^ he condudes/that at 
that time the 6rst point of artes was on the meridian. Now> 
Sir, if the first point of aries: wason the meridian, it tamftnir(^t 
that the sun, which is on the Ist point of artesj is also on th« 
inerid^an, thai is to stay, at Id*". 1 1 '• 23^'. mean solar tiMfe^ a 
phenomenon, which I believe no astronomer has ever yet wit* 
nessed. The error into inrhich tbe learned and ingebioofl 
author has fallen, might poss9»ly perplex some of the yotmget 
persons for whom the treatise if deslifrad, acKHh^refore i have 
chosen to point it out t&roi:^ thetsieditim of -your Yaluabb 
publication. * 

I ami Sir> 

; Yow* eomtant redder> 
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RECIPROCATING SPEINGI. 



Ohstrvatian;! on the elihlng and Jlouing tfill at Gxggltiwick, iit 
the IVest Riding of Yorkshire, a-il/i a Theory of reciprocaling 
Fountains, By Mr. Joan Goush*. 

STHEN A tlitory happens to be formed from ihe conipa- 
V V rifon of a few facts only, future observalions frequently 
perplex it with difBcuUieR which are not easily «urroounted. 
It is noi necessary lo seek for exatnplea to corroborate the pre- 
ceding assertion ; for, in all probability, most phitosophers will 
be able to establiih the truth of il. by incidents which are pre- 
served in Ihe private histories of I heir own speculations, la 
my opinion, however, the writers on hydraulics furnish a strik- 
ing instance of the fact in the machinery, which they commonly 
employ for the purpose of explaining llie causes of recipro- 
caling fountains, or of ebbing and flowing wells, ai they are 
called in vulgar language. 

Springs of this deacripiion may be reckoned amongst iha 
rare productions nf nature ; the in frequency of which leads me 

, to conclude, thai but few thinking men have had an opportu- 
nity of observing a number of them with atlenlion, and of com- 
paring their operations ; for it is certain, that by far the greatest 
part of the world knows nothing of the subject, except by re- 
port. Thiswant of ocularinlbrmaiion,in all probability, has 
obliged speculative writers to rest content with thefew facts 
which are to be fouud in books ; and I am only acquainted with 

,„ the following narratives which can be said to throw any light 
on the curious properties of reciprocating fountains. The first 
ihatl shallmention,camefrom ihepen of the younger Pliny, 
whoflourished as a slatesmanand a man of letters, in the time 
of Trajan. The account may be found in the concluding letter 
of the fourth book of his. epistles ; and the following ii ■□ at- 
tempt to give it in my own language, as I have no translation 
of the work in my ponsession. 

Plimt fa LictNius. 
" I am going to present you with a description of a natural 
le cariotily in the neighbonrhood of my country house, in hope* 
that it wilt prove an interesting speculation lo a person of yonr 

* MuicbestsrSoc. Mem. IT. New Series, 35-1. 




ftfiCIPROCATIXO IPRINOS. 179 

fekhnordiniirj attHininenta. A spring rises on the side of a 
TODuntaiD, and runs along a rocky channel inio an ariiticial 
basin placed in a lummer home where it is Oir «ime lime de- 
tained, and (hen falls inu.ihf Larian Lake. Thisfounram pos- 
■esiPB a surprising ptopeny, fotii flfiWB and ebtis thri''e a dap, 
, ObiBrving a Btatetl law of increase and decrease. Tin-: lingular 
I ciri.nrasiarce may be observed wiih ease, and is calnilaied to 
■muie llMj s|ieL-lalor. Ytiu may sit in the apanmenl, make a 
^ iliglil repa5(, ami drink of tlie water of the tounrain, which iii 
' deliciousljrciio!. In liie mean time, the recipr<icaiing motion It rpcipto- 
of the spring proceeds erinalty, and in a imniicr which in easily '^"'^'' " - jla 
tscenained by placing a ring, or any oihEf smalt object upon a fin. 
dry part of ihe baaiu. The water will rise gradnally lo the 
mark, and afterwards cover it. The fountain will at length sub- 
lide, so as to leave the object dry, and will be afterwards seen 
lo retire slowly. If yoo prolong ynur flay, these aliernale mo- 
tioni will be repealed two or three times. Is this singular ap- 
pearance occasioned by air acling upon ihe outlet of the foun- 
tain, EO as to obeimct ihc-nrreni '.vhfn il enters by the n^ot.nb ( 'oripctures, 
of this channel, and afrer iin escape, to allow the water tn iwae "'"' ** "i^y be 
more freely ? We know this io be the case with bnltlea, an'l .tmcnoia o£ 
■11 kind of vessel's whicn have narrow necks — for when they ■"'; 
are placed in a position proper for dischaiging ihcir contents, 
the reals tanceoft he air makes them gniziile. and the liqwir i»-UL-a 
ftom them in an inlerrupieit stream. Or tliies this fbuniain ner- „r by a tide ; 
take of the nature of the ocean ? Is its current retarded it 
one time, and accelerati d at another, by the cioses which give 
risa lo theflus and reflux of the sea ? Hirers, we know, are 
driven back, when tbey fall into the sea against the wind and 
tide. May not some cause, in like manner, pericdically ob- 
llruct the discharge of thia fouiiriin ? Or, are we to tuppose, o^ hyreser- 
that the subterranean veins ot the fountain have a cerljln capa- '">'" fl'l'il! 
city'i and that while ihey are recruiting their exh.iu-.ted stores, ^^^ P J °»i 
the siriiam is small and lai>guid ; but becomes Mronger 
and more abundant, when these refervoirs are replenished i Or 
il there a secret and unknown contrivance of a stop artmgon 
the principle of a balance; which ad-pterates the effluTt of 
the fountain while il emptier itself, and (limimshes the current 
while it is filling," 

The two lait Buppoaitions are. obscurelj' expressed ii^ ihe Byputbnii of 
Na oiiginals 
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original ; the latter of (hem, however, seems to bave Buggestcj 
tbe faypothesjg of a rocking atone j which, acting on the pria? 
cipleof afalve, alternately opensand shuts the outlet of tbe 
springs and my translation is made to favour ihis corjectuta 
Tbe elder Ptiny also mentiuna ine same fountain, and ascribea 
to it a very remarkable and unaccouniable diflerence ; for bs 
aswrts, that it ebbs and flows regularly in the space of an hour. 
Hist. Nat. Lit. II. Cap. cin. We are surprised to find the 
uncle and nephewj both inlelligent and observing men, vary 
so widely in the statement of an ohvious fact. Their disagree- 
ment, however, docs not contradict the regularity of the 
spring's operations, which is a consideration of importance in 
the natural history of reciprocating fountains. As for tbe quest 
tion of accuracy, it has been decided in the uncle's favour bj 
Catanaeus, the learned comraenlaloron the epistles of the ne- 
phew i who says, (he fitunlain conlinued to reciprocate In bit 
lime, that the neighbours called it Pliny's well, and .that 
swered to the desciiption given of it by tbe elder writer of tbaf 
name. After all, future observations may prove both tbeso 
authors to be in the right. I'crhaps it will be found, that wet 
weather accelerates llie reciprocations of ihe spring, by in- 
creasing its discharges ; while a dry season diminisbea the 
efflux of water, and makes Ihe fountain more dilatory in its 
operations. The preceding conjecture is countenanced by the 
reciprocating spring at Giggleswick ; for it ebbs and flows 
most fre<}uen(Iy after copious rnins ; but Ihe depih of ihe well 
shews the grealesl variations when iLe efflux is but small. 

The elder Pliny also Jakes notice of another re ciproc rating 
spring, and gives the following short character of it with hii 
usual brevity. '* The fountain of Jupiter, in Dodana, ex- 
tinguishes lighted tapers like any olhcr cold water ; but if a 
taper be first extinguished, and then brought to ibo surface 
of the well, it takes fire again, This founiain is called 
ANAnAYMENOi: Ihat is, the LaUerer, because it is empty 
at noon ; but beginning to increase altcK mid-day, it overflowi 
in the middle of tbe night, and then snbsides again gradually," 
Hist. Nat. lib. II. cup. ciii. 

A third extraordiu.iry fountain of this kind is mentioned 
by various modern authors. It is said to be in Raderborn, a 
district of Westphalia, and to go hy the name of Soltier-born. ot 

the 
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p boUterouB brook.. Thia is an appellation which it 
servec ; for ahet flowing twenty-four bourg, it ceases &r 
4;: hours j at ilic end of which period it returns with a 
, and force sufficient to lura three mills, situated 
ible source. The operations gflhis fountain are 
'iSffe rent]/ described In the Philosophical TraiiBactions, where 
.itjissaid to lose itself twice in twenty-four hours; con'i.-ig always 
ixhouriibsckagain. Lowthurp'sAbridgment Vol.11. p. ;jOd. 
'JHent, Vol- II. Page 303. 

^.The prevailing opinion, respecting the nature of reciprocating 
ibnntaing appears lobe derived front the three preceding instances ; 
tUeast lam not acquainted with any olhertopographicalaccountj General 
i , , . -ir 1 -» lneoi"y of H 

VDichcaubcEaidto favour the not ion onra1:onal, or even on pro- B)pi,on like 
table principles. This theory may be fouudin many popular works that in tlw cop 
' " 1 1 -1 1 J ■ ■ ■\ 1 ■ J u ,1, I J of Tantalui. 

oa natural phdosophy ; and it is easily espbuied by (be hydraa- 

;liine called Tantalus's cup. This in^truraent consists 
of a vessel furnished wiih a eiphon, which may be attached 
to it in different ways. To avoid the necessity of a diagram, I*"^''P*""' 
Wp will suppose the bottom of the vessd lo be perforated, raius so called, 
•od the longer leg of the siphon to pass through the hole, 
being lircnly cemented in a position, which places the highest 
point of the bend withiu the vessel, and half an inch or an 
inch below the brim, and at the same lime keeps the open or 
id of ibe shorter 1^ at a small distance from the cup's 
fioltom. Water flows through a tube jn an uniform stream 
ipto the cup i where it ia collected for want of egress, and en- 
siphon at the open cud of the shorter leg, it rises 
gradually to the bend or highest point. The subsequent rise 
of the water in the cup, forces the column in the ascending 
Jeg of the fpiplion, to pass over into the descending or longer 
branch; upon which thia instrument begins to act, not ia 
the manner of a simple tube, buc in its proper character. 
Now the draft of the siphon is made lo exceed the opposite ^i^H 

ilream or supply of water ; in conse<iuence of which cODIri- • 

Vance ilie cup is emptied again sooner or later i at this moment 
action of the siphon is suspended, until the cup is replenished 
by the constant current. In this manner ihe waler will be seen 
lising and falling alternately in the cup, which wilt be full and 
;arly so, by turns. Similar vicissitudes will also 
take place in the siphon^ foe it will lun >o loos ^^ 't!i shorter 




n itop, vinlil ilie highest point of 
red b) the conleiilfi ol ihe ■ tip. 
em]y made from Tantalus'- lup lo a foun- 
, which reciprocaies periodically ; lor wc have only to 
pisintiir plif- Buppoae a »ecret reservoir lo bf formed in ihe boweU of a 
SuA'pl,;: """""i" <•' '>" P'"'"P'=' of ih„m,„umtm. -...i :l,e following 
appearances will lake place in the visibje >cll, which riTtives 
the waier Iroin the natural siphon l»t, -m -(Kin as the sortaco 
of ihe piKil in ihe subterranean rest-rvoir, risdabint ihrbend of 
the siphon^ this canal will begin to act ; aiid in discharge will be i 
greater at that moment [fann ai any o'hr^T period ; because ibo 
power of a siphon ts great esl, wlieo the di«L3nce. bet*txt tho 
bend and ihesurlai-eof the water in the ba^n, is least. 2d. 
This abundant influx into ihe puern.tl well will m;ike it rise ; 
in coDsei|uence of which thi; tiHuii will, coniioue lo increase at 
the outlet, w long as the water cnnlinues to accumulale in the 
visible basin. 3d No* ihe diichaige frnm ihe outlet, which 
becomes more CO pint] a every moment, being contrary to the 
influi frcmi the siphon, whtcli gioiws gradnall; weaksr, the 
surface (if the well will cease lu rise so stim a« these opponite 
powers are equal in their etfi'cts : and the flow will be at the 
full in this instant 4th. 1 he well caimoi remain statiuDiiiy, for 
any length of lime, al its highest elevation ; Itecaitse the vigor 
of the siphon being )jerpetually on ihe dcdine. nil the water 
discharged by ii will run off through (he ouiKi. together wiili 
part of thai, which had been previi>usly accuimila'ed in the 
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ng the time of Hit flow. 5th Hence it 
well will b^gin to subside, tin- moment k 
i after which, it will persevere in a relTO- ' 
t the siphon tball have emptied the subterra- 
h. If no veins of water discharge thetn- 
'^ible basin, besides the <i{ihoti which runa 
Hingis called an intkbmitting lountain. 
The Boldetborn i> of this kind, for it remains dry while iha 
lecrel reservoir is filling, and flows while the siphon is in ac-, 
tion. 7ih. But if the Bpring receives other hupplies in addition 
to Ihe intermilling current, it is called a RGCiPi<oc*TiKe 
founlain ; because ihe stream that issues fiom Ihe outlet of the 
visible basin is permanent, though it varies in quantity ; on this 
account ^he well ebbs and flows alternately, bat never ram it- . 
Klf dry. All the fooDlainSj which wUi be mentioned in tbe 
tequel 




1T-T" 



I 



I 



HECIPROCATISG SPRINGS. 183 

•enuel, are nf this kind ; and Pliny's well, near Coma, ap' 
peais lo possess ihe tame chaiacier from his deBCriplion of it. Sth 
The fiuL-iualions of an ebbing and flowing well, which is fed by 
II siphon, >H)11 remdin invariiibte, so long as ihe stream, that 
iall-i into the subterran'-an reservoir continues lo be uniform. 
But iheseeKii;! rial and visible operaiion« of the well, are so far 

e influence of the current last mentioned, thai iLey tIic flii<^iua- 

iden ly suffer .a temporary Biispension, so often as Jip"*"'"iin ''l'- 

the influx into the concealed cistern, amounts to a certain j„„„^"J,^,^J*k* 

qnanli[y in a certain lime; for the siphon is but a secondary ftwirilit^reat 

l^nl in producing the phenomena of reciprocation, ils busi- ^^ e supply 

lo empty the subterranean basin, so often as it Is 
repleniihed. Now the time of filling liiis magazine of water will 
Iw the shortest, when ihe infloK inio it is most abundant, and 
rary ; conuequenily an increased discbarge into the sub- 
terranean reseivoir. will dlrainish tbe intervals of the siphon's 
inactivity, and prolong the periods of ils action. It follows, 
from these premises, that when the influx becomes equal to the 
feeblest effljri of the siphon, the quantity of water thrown 
into the concealed baslQ, will enacily counterbalaticB the 
quantity which ii drawn off by the crooked canal : and the 
external well (cill assnms the character of a common fountain 
tinder these circ mstonces. 

J bave now esplained the principles, on which the com- ^^ ,pringt 
roon theory of reciprocating springs is founded ; and the necea- brforf i>itn- 
.»rycon,eqa.ii«.of ihe (h&ry .tb ,i,>ed in ihe eighl pre- gjf.'!,'^ J'" 
ceding propositions. This has been done, to shew with what tlie siphon*; 
ease a natural apparatus on the construction of Tantalus's cup < ''• 

elucidates ihe appearances, which have been ascribed by wri- 
ters to tbe fountains of Do4ona, Coma, and Paderborn. The 
operations of these springs are happily illustrated by the instru- 
ment in question ; on which account I do not hesitate to pro- 
nounce the theory lo be a good one, so far as it relates lo these 
fountains alone j provided they are faithfully desctibed. The 
simplicity ofibe preceding explanation, and its coincidence with 
the narratives of the two Plinys, as well as tbe history of the 
incoiMtant brook in Westphalia, disposed me lo admit the com- 
mon theory, and to imagine it to be equally applicable lo reci- 
procating fountains in genera! ; nntil an inslance occurred to 
my notice, which pioved that, fluctuating fountaina do not uni- 
versally exhibit tbe periodical operaiioQS which are described by 

Via 
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But the Gin- the writers already quoted. I made a TJsit to Gigglrawick 
JoeriTo't^rce^^'li '"''"' '■'"'"™" °*" '79^5 which laught me I o value this 
with tlial tlic- once favourite theory not so highl}', and in particular to dispute 
[ ^- the universal it)- of its appHciition. The causes of these doubts 

I will he easily perceived from the following description of the 

well and Us operations. 
Dwcription of '^'''* 5P''i"S ''^ ' "1 ilie fool of Giggleswick Scar, whidi is 3 
this lul ivdl. hill of limesicine in the West [tiding of Yorkshire. The wa- 
ter discharged by it, fails imrnadiaiely into a «ione trough j in 
the front of which are 1*0 hules near the bottom j these are 
the ouilei<! of two streams, thai flow constantly from the arti- 
ficial ciMern. An oblong notch is alio cut in the same side of 
the trough; which extends from the hrim of it, neatly tq. 
the level of the two holes already mentioned. This aperture , 
is intended 10 shew (he Huctuationq of the well: for the 
water subsides m it when the stream issuing from the rock be- , 
comei languid ) on the contrary the surface of the water risei 
ngain in the notch, so sooi] as the influx into the trough be- 
JtrrciproMtra -^ iji jjg morp copious. The reciprocations of the spring are 
■»ery iric^nlar- "* „ , , . , . , , . 

jy, easily observed by this contrivance ; ann ihcy appear to be very 

irregular both in respect of duration and magnitude, Kor the 
inierval of time belwixt any two succeeding tlow&, is somelimet . 
greater, aod at other times less, than a similar interval whiclf 
the observi r may happen to take for bis standard of comparUoa. 
The rise of the water in the cisiern, during the time of ihq , 
well's flowing, is also equally uncertain ; for it varies from onq 
inch, to nine or ten incheSj iu the course of a few reciproca-. 
I.iiacliarges tions. It is neceasary to remark on the present occasion, that 
bubbles. ,,jg ^piji^g discharges bubbles of air, more or less copiously intu , 
the trough ) these appear in the greatest abundarice at the coiu- 
mencement of a flow, and cease during the ebb, or at feast issue . 
from the rock very sparingly at that time. In fact, the appear- 
ance Hnd disappearance of the^ie bubbles, are circumstances, 
equally i[ieonslam with the riie and fall of the water. 

The irregularilea exhibited by the ebbing and flowing well, 
during my shortvisit, diminished the respect which I ormerly . 
had for the popular theory, more especially when considered as 
3 general explanation of reciprocating springs. This change of. 
opmioQ was suggested by the caprices of the well ; which wer^ 
too many and too aiogular to be ascribed to the miifojm opera-. 
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tions of a&ingle sipbon, a» we have seen already ; aadlheaccU 
denial combination of >iGveral fiipUons In one IbuuUiiUj is a con- 
jecture too improbable in itself lo demand a serious discussion. 
My suspicions res'peciing the accuracy of the principle were not 
a little increased, by the following descriptions of two recipro- 
cating fonntaina. Weeding Well, in Derbyshire, appears to be wepdin' 
more fickle and uncertain in its reciproeatioiis, llian the well at " st"" , 
Giggleswick. Dr. Plot desciibes this remarkable fountain, at 
page 41 of his history of StaiFo(d=hire, where he report* it lo 
be very uncertain in its motions, ebbing and flowing sometimes 
Ihrice in an hour, and « other limes not cftener than once in a 
month : he al.^o quotes the fallowing character ofit, to the same 
import, from a LiUin pnem by Mr. Hobbs. 

" Pons bic temporibusoeciollitur (ill Mare) cerlis ; ., 

" ^slibus bia nuUaiu prasfigii Ephemeris boram." 
The following account of a reciprocating fountain is ex- 
tracted from an article in ibe second volume of Lowihorp's 
Abridgement, page 303 ; in which care has been taken to 
preserve the facts recorded by the author, Dr. W. Oliver, in 
language more concise than his own, " Lay Well, near Tor- gn,] ^o like- 
bay, is about sIk feet long, five feet brood, and near sis inches ""<' i' ^'y 
deep; it ebbs and flows veryvibibly; and many limes in an 'fQ^),'__ 
hotir. Tike reciprocations succeed each other more rapidly 
■whenihe well is full, than they do when it is low. When t* 

once the fountain began lo flow, it performed its flux and re- 
Hus in httl^ more than a minute's time ; but the Doctor obseiv- 
ed it lo Bland sometimes two or three minutes at its Inwe^t ebb; 
so that it ebbed and flowed about i6 times in an hour, by tiis 
watch. So soon as the waier began lo rise in the well, he 
■aw a great number of bubbles ascend from ibe bottom ; but 
when the water began to fall, the bubbling ceased immediaia'X- 
The Docior measured ihe distance belwint the high and low 
w.^ter marks, nut on a perpendicular line, but on a dope, and 
found it exceeded 5 inches. 

The ihiee preceding instances of irregular teci)irneBtion un- Heace ilic po- 
doubtedly diminishes the' importance of llie popular theory, pulartlieiry is 
by proving that it Is not of universal application; as it enly "a||^"pp|^.!jj. 
explains the constitution of those fountrflos, which ebb and bk. 
flow periodic;illy. The BiJderborn of Westphali.i, may be 
reasonably pronounced to be of ibis description ; as for tiie 
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fonnlain of Jupiter in Dodona, we know (oo little of it 
judge of lis true cbatacier ; and it is noi improbable but futn 
observaunns will add Pliny's Well to the clws of irregd 
reciprocaiors. 

It may be reasonably snpposed, that since 1 have endeavoar 
■to confine ihe established tbeory of reciprocation lo one or ti 
•ptiiigs ai most, a new expj.-inaiion will be offered on my pa: 
comprehending the phenomena of those wells, which d 
and flow a< cording lo no certain rule. Before I make il 
attempt, it will be proper to give a more circumstamial accno 
ilof rhe of the appearances esbibiled by the well ai Giggleswick, tbi 
bhUl' has hitherto been pubiished. I negiecied, when in the countr 
to preserie a correct register of its fluctuations, and commilli 
no aiher obseivjitioni to writing, except those which nppe 
in a fMiner part of this essay. This omission, however, b 
been fiilly supplied by Mr. John Swarnston, »f Kendal; I 
whom I formerly communicated my imperl'ecl remaiks on ll; 
well, requesting him at the same titne to note down a »erji 
ofits operations, at some convenient oppoilucity. This reque 
was complied wiih by my friend ; who has digested hi 
vaiions in the following table, which merits the esteem of tl 
naitiralisl, as being a faithful history of ihii singular foui 
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Mr. Swainston has favoured me with the following enplana- 
tory remarks ; which, perlinpa, will throw^ome addiiional light 
on the hiyiory and properties of Giggleswick Well, li) ihe 
two observations marked with crosses, [be water flowed slowly 
for ihe first 3 or 4 inches, and then rohe very quickly, utilij the 
cistern was full ; the same appearart;e look place not unfre- 
t]tiently in the course of his remarks. Where (he blanks are 
in Ihe columns marked stationary at ebb, the water flowed 
again iuitiantaneously ; but there are some inaccur^ies in this 
part of the lable ; for Mr. Swainston was interrupted more 
than once by travellers stopping to let ibeir horses drink. The 
term stationary at ebb, signifies that the surface of the water 
in the cistern was slaiionary at its lowest elevation; at which 
time the discbarge from the trough wai commonly confioed to 
the two lioles near ihe bottom of it. 

I have now staled all the facts in my possession, that relate General re- 
to reciprocating springs. The fountains which have been de- ""^ 
scribed, are six in number, of these the inconstant brook in 
Westphalia, appears to require the agency of a siphon to ac- 
count for its operations. The characters as ascribed to Pliny's 
Well, anJ the well in Dodona, are very ambiguous and iinsaiis- 
factory.: but the operations of the three remaining springs, and 
more especially the register of Giggleswick Well, perplei the 
hypothesis of a siphon with insuperable difficulties ; which a 
superficial inspection of the table wdl discover to the reader. 

The ihcory, which I shall dow propose for iheexplanatioa Addttiansl, 
of irregular reciprocating springs, was suggested by an acci- "''''*'* '''^'"'^" 
dental nbserpation ; which occurred to Mr. Swainston, whom 
I have mentioned above. This gentleman, who is a manu- 
facturer of Morocco -lea [her, has a contrivance in bis works, 
for th« purpose of filling a boiler of a particular construction 
with water. This apparatus consists of a tub, which is ele- m,, jj„ai„. 
valed considerably above the boiler. The water is convej'ed ■'■'""'' appara- 
from a pump along a trough into this vessel ; fi*™ which it ["*,-a",„"!,"'''' 
runs immediately into the upper extremity of an inferted wli^rc water 
siphon, which is cemented into a hole in the bottom. This !('i',*„u\ . 
componnd tube consists of three branches or legs; the first ccivcdtiplioo ; 
descends perpendicularly beneath the tub, and is the longest 
of the three i the second ascends again and carries the water, 
which comei into it Irom the first, to a coavenient height 
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above tlie brim of the boiler ,■ the third is a descending]! 
wliich pcrformB the office of a nozle, that is, it dischargM t 
from this crooked canal into the boiler. Mr. Swainst 
observed by accident, that when the workmen were filli 
the vessel last menlioned, ihe water reciprocated in the tt 
the surface of it rising and failing alternately in a inant 
which he could not explain, by supposing some slight irreg 
larity in the manngoment of liie pump. When the 
ance was more carefully esamlned, lie found a correspondi^ 
variation in the efHuK si the uozle; for when the water wi 
rising in the tub, Ihe stream was pcrcepiibly weaker at ihl 
outlet, than it was during the ebb or fall of Ihe water in th 
vessel last-mentioned. He fariher observed, lliat when thi 
water in the boiler rose high enough to cover the end or nozl 
of the siphon, bubbles of air were seen ascending from tb: 
orifice, during (he ebb in the tub, or at least during the form) 
part of it J but that they did not appear during the flow, < 
wbilsC the water was accumulating in the tub. The fluctui 
tioDS here described, were far from being regular, either i 
magnitude or duration; for the water rose much higher in tl] 
tub at one time, than it did at another i and the interviil 
betwixt flow and flow, or ebb and ebb. were very unequaL^ 
Jn fact the appearances seen in this veise) imiiated the caprices 
and singolarilies of Giggleswick Well in a natural and sur- 
prising muner. 

The exact coincidence of the efFL-cls, produced by an ar- 
tificial apparatus, and a noied reciprowiing founlain, will 
naturally turn the attenlion of the curious to iocji 
cause of the irregnlar motions, which Mr. Swainlon observed, 
in his reservoir. The cu-cumfitance on which these flacioi 
lions depended, is easily understood ; for, seeing the invert* 
siphon discharged bubbles of air occasionally into ibe boil 
it is ma.iifest that (his sublie fluid entered ihe lube, 
with the water, or in other words in the stale of foam. 
it is well known, ibat the bubbles, conbiiiuting this fit 
substance burst, and the air separates from Ibe water, wbi 
the agiiaiiun ceases; by which the compound was produt 
Si.ch B separation would lake place unavoidably in the siphoi 
b-; cause a current flowing in a lube moves on smoothly, 
without inti^i'iuption, which is the cause oi agitation. Ti 
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cation under ground, with one of ihese spirncles of the glol 
fie this ai ii may, the notion is loo absurd ro be mentioned hi 
tbe preseiu improved itme of Natural Philosophy, in any othi 
^ light than a< a curious document of the puerile conceits witKl 
which the philosophers of ancit- nt times amused Iheir bear^'^,^ 
Iq the foregoing attempt 'O complete the theory, I have had 
recourse lo a well known phenomenon j water is 
foam by being agilated; which was the case by Mr. 
vessel, because ix strong 
There is, however, one 
serves to be considered : 
the superior weight of wi 
tbal this light Kubstance wil 
on the surfacti of jfcff reset 
posing this suspici^Hn be 
ment, we most allow th< 
vessels to be defecliit in 



fiom the pump, 

aining, which de- 
I, compared with 
persons lo suspect, 
aier, but will float 

oir, iri which it is formed. Sop- 
ell-toiinded for the sake of arga- 
foiei^oing theory of reciprocating 

vei;y eaisentiirt poi 



objeciion »iill rf 
the levity of fo 

'ill not Diii wiib 



i becaase ' 



dividei) air i 
will descend. 



foam cannot sink, ibe air thai proceeds from ii, cannot Gni 
its way into the tubes or siphons, which convey the waia 
from such vessels. Being nnwilting to leave thin objeciion ua 
Experiments answered, I resolved lo put the truth of this principla to ibi 
test of direct experiment ; which was done in the follnwinj 
simple manner : A small bell glass, being first filled wrtH 
water, was inverted in six qunris of the same flnid, containe 
io a small tub. Things bemg thus prepai-ed, the contents of tfa 
open vessel were agiiated briskly; and the air which enlere 
the waiter, found iis way into the inverted glass, the oppt 
part of which it occupied. The water of ihe tub was agiiaieA 
by the motion of a whisk, or a bundle of slender twigs j 1 
was some times taken up in a pitcher, and reiurned into thi 
vessel quickly, from tbe height of a foot or more ; both cna«l 
thods proved successful, but the former appeared to introriu) 
air into the glass with more expedition Ihan the latter did 
the difference here mentioned, may however depend entirei 
upon management and accideftal circumstances The experi'' 
ment which I have now related, shews the foregoing objeciio 
to be of no moment; conseriuently the present theory < 
irregular reciprocation may be pronounced to stand upon a sal 
feuadatioD« and uoesceplionable principle!. 
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RECIPROCATING SPBiyGS. 



The observations which have been made onMr. Swaineton's ac- Particular pi- 
cidenial dricovery, render anelaborate inquiry into the conslilution pl«iii"jnn of 
ofGiggleswirk well u^iiecessarj', Nalure tna/heeasily supposed Uie Gikl-Ipi- 
to have produced an apparatus in ihe side of the hlil. po.aessing "«''' . *p!' . 






Let u 



il propcniea of t!ie re 
ill follow, which are i 



which Ihe 



liprocating lab, and all the .lated theoiy. 
} remarkable in ihis fouii- 
> be concealed from view 
Knof 3 sublerranean brook 
nto foam by agitation. Let 
by 



under ihe rocks 

fails, and beats part of its conteci 
this cavily be connected with tht 

a narrow serpentine chink concealed in ihe iiMerposiiig strata; 
and Ihe reader mu^tporteive, without farther explanation, that this 
condail will perform ihepart of theinvertedsiplionalready describ- 
ed, anil exhibii theiiperaiions, as well a? the irregularities of the 
fountain in queaiioo. ThesarocioiernaUirucinremay besupposed 
toexiji in Lay Well, neai' Torhay ; bu( iiome thing is required, iu 
addiiloa to this simple apparatus, to account for the casual reci- 
procation of Weedrtg Well, in Derbyshire. It is nota difficult 
task to aecotnmodate the theory to the description of this 
'P''i"'g 1 but when we contider how imperfect such desciipiipns 
are commonly found lobe, it appears more adviaeable to pasi 
over thi« fountain in silence ; until some accurate observer 
shall present the public with a correct and mioute history 
of its operations. 

All parties allow, that reciprocaling fountains flow from pools Ri^marks on 
of waier concealed under ground i on which account it will «r cavenw. 
not be very foreign to the topic of the present essay, if I con- 
cli'.de it wiih a fei* remarks on the structure and formation of 
caverns. I have visiled many caves in this part of England, 
all of which are situated in the strata of calcareous bills. They 
also appear to have been once filled with ap BTgillaceous stone, 
of ale-.s durable nature than rhesunouodingliraeslone. Thji 
supposition is corroborated by ihe following fact : masses of 
clay, mixed with gravel, are found sciiicred up and down these 
huUows i and as ihey are lodged in chinks fro>n which they 
c:<nnoi be easily removed by waller, I suppose them Id be the 
reiDjiii>i of cKienslve beds, which formerly occupied (hese re- 
ee-sses in the calcareoiis siraU. Thii argillaceous matter, which Tlie infilti 
chuak<>d up ihe natural vaults of our litucstonc hills in early 



ajge^ haa beeii gradual./ worn away by a simple but powerful n 

agent. 
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agent. Tlie rains whicli hare fnlleu from tbe reniolcsi tiroes, 
'• conslauily Jind ll^eir way throogli ibe chinks of the llmesloiie ) 
' tlius subtemucan brooks were formed, which attacked (be ioh 
argillayeoua matter silualed under the harder covering of lime; 
stone, Thii perishable substance was first sofieDed by the wa- 
ter, and afierM'ards broken down by the current, which waabed 
away ihe clay and gravel. Inconseqoerce of i his alteration, 
the incumbent rocks of limeslone were left to rely on ihera- 
selves. Such, therefore, fell down as were not supporied by 
muiiial pressure, while the rest still remain suspended in ihs 
J roof and sides of the cavern?, being locked together like the , 

atones of ati arch, Tbe agents which were formerly em* 
1^ ployed in the excavation of those subierranean chambers, re- 
main, in many instances, to the present day ; for almost every 
cavern is the place of union to a number of secret brooks, 
which enter it in different directions, snnie of them being pe- 
st- renoial — but others depend on the weather. Tlie impetuosity 
of ihesecurrenis is very apparent in some caverns, which are 
filled WLih water in wet seasons — for the bottoms of ihem are 
covered with large masses of stone, the edges and angles of 
which are worn away, like those of a pebble that has been 
rolled ill the channel of a rapid river, 
re I have already remarked, that the caves of the Xortb of 
"" England are commooly found in calcareous strata. This cir- 
cumstance may be traced to natoral causes — for the rain water 
descends with great ease through the vertical £ssurcs of tbesn 
rocks, which generally rest upon a base of grey schist, and in 
tome places on a soft argillaceous substance of a laminated tex- ■ 
lure. This base is not uniformly flat, for it swells occaiionaU^J 
inlolumps or hillocks, some of which appear above the SDrrounrfjl 
iiig limestone. Such of these hillocks as were originally siln- 
ated under one, or a number of subterranean brooks formed in 
the cakareoits strnta, have been washed away long ago ; and 
the caverns which remain at present, shew (he extent and form 
of these demolished eminences. The recesses thus produc 
frequenily contain pools of w:iter j and if the presence < 
grotto be necessary lo a reciprocating fountain, perhaps I 
placee are more liktly to produce one, than the neighbourhoB 
of Gigglfiwick. For tlie country abounds with ca 
also, with subterrani^au brooks^ one of which is heard v 
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'servalions of a second Comet, with Remarks on Us Conslntc- 
By WiLiiAM Herschel, LL. D. F. S. S. 

AS we have lately bad [wo comets to observe at the same Thi? present 
time, I have called that of whicli the following obseiva- f"n"m [he fo"^^*^ 
tions are given, tbe second. Its appearance ba; bi;eu so totally mcr, 
different from thai of ihe first, that eveiy paiiiculai" relating to 
its CODS tiuclion becomes valuable ; and, notwithslanding the 
unfavourable slate of ibe weather at tliis time of the year, I 
have been sufBciently successful to obiaia a few good views of 
the phenomena which ihis comet has aUbrd^il. 

A short detail of the observations, m the order of their lela- 

the different cometic appearances, is as follows : 



The Body of the Cornel. 



January 1, ISIS.— I vtewed the second comet with several having a largo 
of my telescopes, and found it to have a considerable nucleus ^'^,^1^,'^"' 
surrounded with very faint chevelure. 

Jan. 2. — The comet had a large round nucleus within its 
faint nebulosity. Not seeing it very well defined, and of so 
large a diameter, I doubled whether it could be the body of 
the comet ; but although it might be called very large when 
■uppoied 10 be of a planetary construction, it was much too 
small for the condensed light of'a bead ; its diameter, by esti- 
mation, not exceeding five or sis seconds. 

By way ofcomparing ihe two comets together, I viewed ihem The former 
alternately. The first within a nebulosity which, in tbe form iI^ifi^Hjii^d* 
of a brilliant head, was of great estent, had nothing resembling brij^ten iii 
a nucleus : the light of this head was very gradually much ' "* 
brighter up to the very middle ; its small planetary body being 
invisible. The lecond comet, oa the contrary, altbougb sur- 
rounded by a faint cbevelure, seemed to be all nucleus ; for 
the abrupt transition from the central light to that of the che- 
V01..XXXV.— No. 163. O velure. 
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Telure> would not admit of the idea of a gradual coadenuiioD of 
nebulosity, such as I saw in the head of the first comet ; but 
plainly pointed out that the nucleus and its chevelnre were 
two distinct objects. 

^" d^ire^^t •^*"- ®- '^'^® ^^^^^ ^^^ ^ ^^^y ^®^^ de&tied nucleus with 
very faint chevelure. When magnified 170 times the nudeos, 

thcmgh less bright* was rather better defined* 

Jan. 18. Within a very {aim chevelure I sew tba nucleus 
as before. 

Jan. 20, The air being uncommonly clear, I saw the body 
of the comet well defined; and as the moon was already to 
far advanced in its orbit as to render fiituie opportnottiea of 
viewing the comet very improbable, I ascertained the niagni* 
tude of its body, with a verydistinct 10 feet reflector, by the 
following three observations ; 

First with a low power, which gave a bright image of the 
nucleus, I kept my attention fixed upon its apparent size ; then 
looking away from the telescope, I mentally reviewed the im- 
pression its appearance had made on the imagination, in order 
to see whether it was a faithful picture of the object^ and by 
looking again into the telescope I was satisfied of the simi- 
fitude. 

In the next place I used a deeper magnifier, and alt'emately 
viewed and remembered the appearance of the nucleus. It 
was fainter with this power. 

The third observation was made in the same maniter with 
a magqifier of 170. This showed the imcleus of a larger 
diameter^ but much less bright^ and not so well defined. 

The next morning, having recourse to my usual experiment 
with a set of globules, by viewing them at a given dtstaoee 
with the same telescope and eye-glasses, I found that one of 
ihem, on which I fixed, gave me, as nearly as con id be esti- 
mated, the same magnitude with the first eye-glass, and was 
proportionally magmfied by the second and third, with only 
this difference, that the I ghest power showed the globule with 
more distinctness than it did the nucleus ; and by trigonome- 
try the angle under which 1 saw the globule was found to be 
S",2744*. 



The nuclens 
inbtended 
^ seconds. 



* I preftr tbis method of ascertaining the small diametor of a 



( 

It will bo necessary to mention that in the calculations be' 
longing to this comet, I have used the elemettts of Mr. Gaus^ 
with a sjnall eorrection of the longitude of the perihelion, 
which I found would answer tlie end of giving the oUerved 
place with sufficient accuracy from the Ut of January to the 
20th. These calculations may however be repeated,^ if here* 
after we should obtain elements improved by additional obser- 
vations, made with fixed instruments ; but the result, I may 
venture to say, will not be materially different. 

Jhe distance of the comet from the earth, the 20th of Ja- and its d!a<> 
nuary, when its apparent diameter was determined, was. 1,0867, ^'^^^ ^^"^^ 
the mean distance of the earth from the sun being 1 9 whence 
we <Muee a very j^nMTkable consequence, which is, that the 
real diametA of its nucieos cannot be less than 0537 miles. 

The Chevelure of the Comet, 

Instead of that bris^ht appearance, which in the first comet Kxaminatioii 
has been considered as the head, there was about the nucleus "^^ 
of the second a fatot whitish acattere^l light, which may be 
called its ciievelnre. 

Jan. I. Examining the chevelure of the comet with a 10 
feet reflector, I found that it surrounded the nucleus, not in 
the form of a head consisting of gradually much dondensed 
nebulosity, but had the appearance of a faint haziness, which 
although <}( some extent, was hot much tM-ighter near the 
Bucieus'than at a distance froi» it. 

Jan. 2. I viewed the two comets alternately. Tlie first 
could only be distinguished from a bright globular nebula by 
the scattered light of its taih which was still 1 20' long. The 
second comet, on the contrary, had nothing in its appearauce 
isesiembling such a nebula : it consisted merely of a nucleus, 
surrounded by a very faint chevelure 5 and had it not been for 
an extremely faint light in a direction opposite to the sun, it 
would hardly have been entitled to the name of a comet ^ 

« 
faint object to measuring it wifli a inicromcter, wliich rrqi.ircs ]i^lit 
to sliow the viires, and a high niaji^nifying power to gi\o an injatfe • 

sufiificntly large for mcnsurutiou ^ neither of which conditions the 
present comet would adDnit. * 

G 2 , having 
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having rather tbe appearance of a planet seen tbron^ an at- 
mnnpliert: full of hazinets. 

Jan. tj. Tbe cbevelure consisted of so laiol a ligbt thai, 
when magnified only 170 limes, it wa» nearly lost. 

J<in. la. The cbevelure was extremely faint and of very 
little extent. 

Jan. 20. The light of Ibe idooq, which was ap, woold 
not a>lmi( of furiber accurate obKivationi on the cberelare. 

Vie Tail of the ComH. 

(w'^"tnA J'"'' 1- With a low roagnifying power, I saw in the 10 feet 

tssabooi 659 reflector an extremely faint scattered light, in opposiiioa to 
hoiMuid ,|,g jy„_ forming the tail of tbe comet. It reached from the 

centre of tbe doable eye-glass half way toward the circum- 
ference, 

Jan. 8. The narrow, very faint scattered ligbt beyond ibe 
clieveluie remains enteaded in the direction oppoiiie the 

Jaa. 16. I estimate^ tbe length of the tail by tbe propor- 
tion it bore to the diameter o( the field of the eye-glass, which 
takes in 3b' 3g", and found that it filled about one quarter of 
it, which gives 9' AO', 

Jan. 20. On accouDt of moonlight tbe tail wai no 
visible. 

From tbe angle which it subtended in the last observation, 
it will be found that its length must have been about Gsg tboa- 
sand miles. 

Remarks on the Construction of the Comet. 

this cutiiH up- ^^^ method I have taken in my last paper of comparing 
proadi<d to together (he phenomena of ditftrent comets appears to ms 
SpMi'ty!^ most likely to throw some light upon a subject which siill re- 
mains involved in great obscurity. When the comet of whick 
the observations have been given in this paper ia compared' 
with the preceding one, it will be found to be extremely di^ 
ferent. Its phyiiical construction appears, indeed, to approach 
nearly lo a planetary condition. In its magnitude n bears • 
considerable proportion to the size of the planets ; the dia- 

■BCtOtg 
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lueter of its nucleus being very nearly one-third of ihat of ihe 
earih. 

The light by which we see it is probably also planetary ; its Ijgbt ap- 
Ibat is to say, reflected from Ihe sun. For were it of a phot- P"f«'l 'o be 
phoric, self-luminous nature, we could hardly account for pjanfimy 
il9 litlie density .- for instance, rhe very small body of the 
first comet, at the distance of 114 millions of miles from Ibe 
earih, bore a magnifying power of 600, and was even seen 
belter with ibis iban with a lower one ;* whereas Ihe second, 
noiwiihsianding lis large size, and being only at the distance 
of 103 millions, had not light enough to bear conveniently to 
be magnified 107 liraes; but if we admit this nucleus to be 
opa!]ue, like the bodies of the planets, and of a nature not 
to retlect much light, then itsdistance from the sun, which the 
20tb of January was above 174 millionsof miles, will explaia 
the cause of its feeble illumination. 

That the nucleus of this comet was surrounded by an atraos- jijatmos- 
phere appears from its chevelure, which, though /aint, was pherewwicoi 
of considerable extent : and the elasticity of this aimospbere "'•""'''^i 
may be inferred from the spherical iigure of Ibe chevelure, 
proved by its roundness and equal decrease of light at equal 
distances from the centre. 

The transparency of the atmosphere is partly ascertained and irsm- 
from our seeing (he nucleus through it, but may also be in- P^''^"*- 
ferred by analogy from an observation of the first comet. It 
will be remembered that an atmosphere of great transparency, 
which had been seen for a long time, was lost when the comet 
receded from ibe aun, by the subsidence of some nebulous 
matter not suiEciently rarified to enter the regions of Ihe 
(ail.f Now as Ibe existence of this atmosphere, when it wai 
no longer- vi^vble, might have been doubted, the luminous 
matter suspended in it, which had already 20 days obstructed 
our view of it, happened fortunately to be once more elevaled 
the gth of December, and thereby enabled us, from its trans- 
parency and capacity of sustaining luminous vapours, to ascer- 
tain Ihe continuance of its etislence. By analogy, therpfore, 
we may surmise that the faintchevelure of the second comet 

* Sec Observstioiu of the First Comet. 
t Sfe Observatioiu of tbe flm Comet. 
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helion di»- 
t^nce. 



tonsi»t8 also of the condensation of some remaiotog phaifihvis 

matter^ suspended in the lower regions, of ah elastic, traotf 

p<»rent fluid, axtending probably far beyond the cbefdtire 

witboi^ our being able to perceive it. 

Tlie faiatitns We migbt ascribe the little extent and extretne illtntneti Hf 

^/ari!e*from *^^ *^'^ ^^ •*»« 8^^«* perihelion distance of the coniet, if It had 

ils^reatptri- not already been proved, by the coropafatire view which ia 

my ]a»t paper has been taken of the two comets of 100/ aad 

181 1 J ihaC the effect of the solar agency depends entirely apofl 

the state of the nebulous tnatter, which the comet in tfs flp* 

proach exposes to the action of the snn. Our last com6€ 

therefore had probably but little unperihelioned matter ia iie 

atmosphere. 

Otber proofs The high consolidatioti of the matter contained io the second 

of tlie In^li comet i» also much supported by the different eppearMice of 

cousohdHtion , . , . . .. . , ^ . 

ef tiiis comet. ^^^^ ^^^ comets in the observation of the la df Jatraary, la 

oi'ier to judge of them properly, we must cocMider t^:v aitoa- 

tion with regard to the sun and the earth ; the first core !t wde 

ig2 millions of miles from the son $ the second only lOfi tba 

^rst was at the saiDe time 262 millions from the earth : tlia 

, ec«nd only 83 i but, Dotwithttdnding the great disadvantaga 

of being 28 millions of miles farther from the son, and abcNH 

. tfg millions farther from the earth, the first comet had the 

lofninous appearance of a brilliant bead accompanied by a tail 

45 millions of miles in length f whereas the second comet, ao 

$idva*>tageouly situated, had otily a y/ery faint cbevelure abooc 

its large but faint nocleus, with a still fainter tail, whose lengtli 

has been shown not much toexceed half a million. ' 

If then the efFiSct of the action of the sun on thd comets e| 

the linoe of their perihelion pasftage is niore or less conspios<» 

pus, actording to the quantity of unperihelioned oeboloua 

mailer they contain, we may by observation of coroetic phm* 

nomena arrange these celestial bodies into a certain order of 

consolidation, from which, in the end, a considerable insight 

ifHo their nature and destination may be obtained. The threa 

kst observed comeia, for instance, will give us already til* 

following results. 

1 he comet of which this paper contains observations, i^of 

snch a construction that it was but little more affected by a 

affected than peribeliop passage tl^ap a planet wpuld have b^qii. This may 
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TMs comet 
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be ascribed to iU verw advaacei itate i>f coosoliJation, and to ^ P'"^?' '" ■ 
. . ■ ., , ^ ■ ■ . , . lienliEhon pas. 

ila lisving but a small share of phosphoric or nebulous njalter 

in il5 coi)£iructioQ. 

Thatof tiia year 1807 was more afisctcd, and allhoiigb xbat of iSQT 
considerably condensed, showed clearly ihat it conveyed a w^" "lorc ne- 
great qu:inlily of nebulosity to the perihelion passage. 

The cnmet of last year contained with Utile toUdhy a naost And tlic pre- 
abundant poriion of nebulous matter, on which, in its approach "dmit comet 
to Iheperihelion, the action of the sun produced ibose beau- j^, 
tiful phenomena, wbich have so favourably afibcded an oppor- 
tunity for ctiiical observations. 

^Ufamarks on the Summtr Bird* of Passage, and on Migraiiott 
^K- in general. By Mr, J ounGovoa, 

^^TJER HA PS no phenomenon in ibe history of animated na- Thcmieraiion 
JL ture baa engaged the aitenlion of men of observation! "^ •''■'''^ '' "°* 
in all ages and countries, so generally as ibe regular appearance dtratood. 
of those birds which visit the northern climates in spring, and 
disappear as regularly at the approach of winter. But lliongh 
many facts have been collecled, relating to the manners of 
these singular birds, by the industry of naturalists, their his- 
tory still remains involved in much obscurity, and perplexed 
with ditCculiies j many of wbich, in my opinion, arls^ 'Vom ,a 
negligent or an Injudicious arrangement ol' the facts ^S^dy 
ascertained. Philosophers have been Induced by tbia oversight, 
to lake partial views of the subject ; and to enierlain very 
discordant notions respecting the winter retreat of the birds 
in tiuestion. All parties, however, are unammfius in conclud- n jppcnds on 
ing, that the regulariiy of their visits in spring is intimately itit' sinons. 
cunnecled with tiie apparent motion of the sun betwiat the 
tropics, whose northern declination is increasing at the time 
of llieir appearance, and consequently the temperature of the 
roribern hemisphere is also advancing towards tbe heat of 
summer in every latitude. The philosophers, who have tinder- 
u discuss this curious fiuestion in natural history, agree, 
lU ascribing the alternate appearance and disappeaiance 
spaUov tablet the cuckoo, tl:e wryneck, and a ma- 
jority 
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joriljroflhe BrilUh warblers, to tbe v'lciniliules of tcm pen- 
lure wliich are annually experienced in iliis coon'ry, in cotn- 
man will) all oilier places al a distance from llie eqnainr. Bnt 
their iinanimil}' endi here J and, at ihia poiDi, they split into 
two parties, who view the subject in very different ligbU. I 
intend to Blala the opinions of each in succession, beginning with 
tboni? philosophers who appear tome to have the lew degree of 
probability in their favour ; or, to speak more properly, wfaoie 
notions cannot be iletended on their own principle*, when 
those are carefully examined. 

Fliny is the oldest naturalist that I recalled, who maintaiBS, 
ibat the swallow tribe, and many olbar birds, with whose 

i» winter quarters he was unacquainted, retire to caverns at the 
end of autumn . where lliey lie in a torpid stale until the retam 
of spring. Many moderns have embraced this idea ; atnd 
they conclude from a fainiUar anplogy, that the sun, after 
raahing ccnam advances towards the north, recalls these 
»leep<.'rs from a k'thargic stale, to active eiistence, in the same 
manner, that he breaks the winter slumbers of the bat, the- 
6eld-niou<ie, and ihe edge hog j as well as of various reptiles, 
and iDsecit iohiibiiiiig tbi> leni|>erate atii] frigid zones. Thii 
Idea is captivating on account of its simplicity ; audi, fur one, 
would not refuse to adopt ii, if the accuracy of the analogy, 
were but fairly esiaWifhed. But as ihis appears to be an itn- 
possible task, I shall proceed immediately to slate my objec- 
ti^lH'in' the supposed consiiluiional connexion of the birda 
uRSBf' consideration, and the animals with which they are 
compared. 

n Those quadrupeds, reptiles, and insects, which pass the 
winter in a state of iosenBibility ; may be recalled to sensation 
and action at pleasure, by the application of a gentle degree 
of warraih. This consiituiional singularity of these animala, 
has induced philosophers to cunclutle unanimuusly, that the 
return of ihe sun in spring rouses them from a torpid condition, 
at a titne when the bcneSts of the season are ready for their 
enjoyment. There is another circumstance, which gives some- 
thing more than plausibility to the supposition when it is pro- 
perly understood. Fov the animali in question take op their 
winter quarters, some of them in subterranean habitations, 
a little below the surface of the soil : others lodge in tlie ere- 
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^rvicos of walls or roclts ; and a few, sucb as frogs, female toads, 
^ and water oeffta, bury themselves in the mud o^ shal- Tlicir relrcaU 
low ponda. Tliese lelreats are of all iheni but slightly "*■* ^''^'"''■ 
covered by a ibin stratum of earth, or a sheet of water of a 
moderate depth ; in consequence of which, tliey are warmed 
in due season by the rays of the sun, after he has entered ihe 
northern half uf Hie ecliptic. Tlie preceding assertion, is not 
a plausible cmjeciure built upon probabiIltie;>i but a fact, 
.'which has been determined by experiment j for the Rev, Df- pacls stated. 
Hdes, in the course of his experimental enquiries into tlie 
'process of vegetation, discovered that a thermometer, the bulb 
'bC which was buried l6 inches below the earth's surface, stood 
!*t 25" of his scale in September, at 1 6^ in October, and at 
"iO" in November during a severe frost ; from which point it 
'■Bscended a^^ain slowly, and reached 23" in the beginning of 
April (old style). Now the latter part of September and the 
whole of October is the season in which the bat, the bedgehog, 
the sbrew, the toad, and the frag are seen but seJdoui, and 
'finally disappear. Tlie same animals all leave their retreats 
' and ate observed abroad again in the time betwixt Ibe vernal 
'equinox and the middle of April} wi.ich circumstance makes 
■the preceding rheory agree very well with the ivariatlons of 
' temperature, that talie place in the winter habitations of those 
animals, which are actually known to pass the cold season in « 
torpid condition. 

After making the foregoing remarks on torpidity, I come to Birds thougb 
certain facts, which are for from favouring the supposed analogy ''""'"°"' '^' 

It of those animals which are known to be lethargic in winter, thr torpid 
'ond our summer visitors of the feathered tribe. Birds of this »'*ts- 
description are very numerous in this part of the world at the 
'timeof their disappearance j from which circumstance it is 
j^asonahle to conclude, that if they take up their winter abode 
near the surface of the earth, they would be frequently found 
in the cold season ; which is the case with bats, field-mice, 
and hedgehogs. Though discoveries of this kind are mentioned 
"by various authors, Ihe uneojnmonness of the circumstance 
obliges the adv(M:ates of torpidity to dispose of the periodical 
birds during winlerj in places which are inaccessible to men, 
such as the vaults of profound caverns, or the bottoms of deep 
lakes. My objectiona to thii opiaion, are derived from certain 

facts 
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facU regpecling Ibc temperature of places silnaled at peatt 
deptlis beldw [be surface of ibc land and water, 

Eve^ place on the globe has an invariable letnperaturc pecil>|, 
Uic innptrn. Jjar to Hsclf, wbich catuiot be found at less than 80 feet beloV, 
Javemjift"'' Uie external soil. Mr. Boyle fcept a ihermometer for a year, 
t in a cave which was situate under a roof of earth 80 feel ia 

thickness } and found that the liquor in (be instrument te^^ 
IB flined stationary all the lime. In compliance with mj- 
quest, tbe late Dr. Withering made a similar ex(ieiiment on 4, 
well 84 feet deep, at Edgbaston, near Birmingham, the lem-.. 
peratnre of wbich was found lo be 49" in every monlb of Ibo^i 
year i?98. Pits or wells of a less depth gire more or lest^ 
annual variation of temperature, according to the distance 
which they penetrate the superficial strata of the earth. 
remarkable singularity, however, is observeable in experimeota., 
made on pits of a moderate depth. I kept a monthly accoDnt< 
of the temperature of a well, for the year l/Qo and iJgSty, 
the perpendicular depth of which was twenty feetj and lbs 
annual variation of its temperature fell a little short of 4%, 
But the following circumstance deseries to be carefully re- , 
marked on the present occasioti. The temperature of tbe^ 
ground, at the distance of twenty feet from the surface, 
the highest in October, when a tlierniometer exposed lo thq. 
atmosphere makes the ruomhly mean coincide with tb^t of thSj 
year: on the contrary, the .subterranean temperature doe*, 
not arriveat a mini^nun belbre the end of March; which i 
three months later than the coldest weather above ground. 
ihp The facts just staled throw much light on the subject of than 

J"„""' present essay, by pointing out tiio reason which deierininei|| 
o great animals of known lethargic habiis lo form iheir winter retreati| 
near the surface of the ground. This choice exposes theiiif( 
according to the enperimentB of Dr. Hales, to a variable lem-, 
peralure, which sinks slowly at first, and keeps them benumbed^ 
by a*lfepy lorporj but after ihe rigours of wint 
thc_faiding places of these slombeiers are gradually warme(l 
by Ihe returning sun, which re.-inimates their torpid lin ' 
a»d recalls them (rom their secret dens, at the proper momeiMt| 
for iheir apiicarance above ground. Had ilie hedgehog, th< 
lield mi>uae, S;c. made a ctioirary clioice, and retired to cBti 
terns ao feet ikep, all the benefit they could have derive 
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from an invariable temperatarci woald have consisted^ in the 
ceruioty of not being frozen $ for the same degree of cold 
which disposes them to sleep in autumn, would evidently per* 
petuate their slumbers in these situations > unless we sup« 
pose them to be roused to action by the calls of hunger^ 
which is a precarious and treacherous cause. For the sense of 
want would not fail in many instances to invite these animals lo 
certain death in the midst of frost and snow, at an earlier season 
than the commencement of spring. If we suppose our knowa 
sleepers, or any other animals suspected of torpid habits, to 
retire to a depth less than 80 feet, but to a distance from the 
surface which is sufficient to conceal them, in damp and dreary: 
grottos, from human* observation $ the supposition will not 
remove the difficulty. For the time when our periodical qua* 
drupeds, birds, and reptiles disappear, coincides with tha 
fnaximum of temperature io such places, and they are seen 
abroad again when the same temperature is at the lowest. 

Very few arguments will be now required to demonstrate^''^'*''* , 
1 . .. .1. /- . 1 1. 1 . ^ J never found 

the impossibility of the analogy which .is supposed to connect „, ii^ shallow 

the periodical birds of sumnoer, and the sleeping animals of retreat*«, and 
winter. It is sufficient barely' to remark, that the former are^^g^^ ^ 
sever found slumbering with the latter j near the surface of the 
earth i and deep caverns are proved to be unfit for the reception 
of any creature in the torpid season. Consequently the birds in 
question, desert the temperate sones at the approach of winter^ 
io seek a better climate in lower latitudes. 

The migration of our summer visitors being established upon The miration 
authentic tacts, I intend to proceed in the next place, to give a ^stablis^Z 
theory of their annual motions derived from natural causes* 
Ail the birds coastitating the migrating tribe )bed upon insects, 
which disappear and ^become torpid, either in a perfect state or 
under the form of embryos, soon after the autumnal equinox. 
This circumstance refuses the animals under consideration m 
farther supply of proper alinaent in the higher latitudes. They 
^re therefore compeUed« by the apprehension of starving, to ost 
their wings and retina southwards into tnore genial clima(eB» 
where the rigours of winter do not lock up the sources ef 
Uieir na^^rai food. Tht manoers of the winter birds of paa- Th^y^ ^^\^^^ 

1- ^ t 1 1 . /-.!.•■. X ^ their food ;▼«. 

«a§e faVoor ilm Inst ooodilsion i for lti« jaek-snipe, the ted^ losecu which 

iving, the woodcock, and the fieldfare^ with some other spe- disappear dor- 

'. ins cold, 
cies, ' 
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cJM, (jnit ihefrosiy regions of the north at the approach of 
cold ueatlitir, nnd spepd ilie winter in the mifre temperate 
pari! of Europe. But the return of spring adraooishes them 
when to leavf these countries ; and ihey retire generally be- 
fore the end of April, to pass the breeding season on I he con- 
fines of ihe arctic circle. The twite (Fringilli. moDlium) 
breeds on ihe hills of Yorkshire and Westmoreland, but doe* 
not remain all ibe year in iis BOminer habitation. For twitei 
Babitiof congregate in multitudes about the beginning of October, and 
disappear j but large flocks of ihem are seen at that time, or 
Doi long after, in the south of England. Thus are the twa 
retreats of ihi; migrating finch preiiy well ascertained. Batlhs 
same cannot be generally affirmed of ihose birds which n 
from Britain in autumn. The swallow, however, is now 
known to winter in different parr* of Africa ; and, in all pro- 
bability, future observers will discover the southern retreats of 
the other migrating speciei, partly on the same contineot, 
partly in the wafmec cooniriesof Europe, or in ihe correspond- 
ing disiricts nt Asia. The last opinion must be receiTed as a 
conjecture, but it has the recommendation of being probable ; 
because those birds which rettirii hither about the lime of ttio 
vernal aqulnon, may be expected to pick up a livelihood near 
home during the preceding months, without accompanying the 
swallow to the rooalh of the Senegal, in the l6th degree of 
north latitude. Finally, we may conclude, apparently with 
lafeiy, that no bird retires in autumn farther from its sumiMer 
residence than necessity requires, and that its winter abode ii 
fixed by llie article of food, which depends on the temperatore 
of the place, and the appetite of the visitor. 
They return After making the foregoing imperfect retoarks on Ihe 
Witt) innimf r, southern retreats of the migrating tribe, I come in course to ths 
j» food.'"' * ca"*^ which invites these wanderers northward, to spend the 
summer in higher latitudes. No sooner has the sun touched the 
tropic of Capricorn, than he begins to lessen his southern declina- 
tion, and to sliine more directly upon the opposite hemisphere ; 
every latitude of which experiences his animating influence ia 
■uccestion, commencing with the parts contiguous to the torrid 
zone, and proceeding gradually to the frozen regions within the 
arctic circle. The adwDces of spring towards the north, keejf 
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pace vith the dlfFasion of solar heat o»er the northern half of 

the globe. For the same plania flower much earlier inlaw 

than in high latitudes ; and we may safely conclude that the 

same lethargic animals, especially ihe same flies and other 

insects, will observe the iike rule in quitting their winter 

quarters ; and will ^pear abrond iu Italy much sooner than in 

Britain. The following comparative facts may serve to elucidate Facts relative 

the slow progress of spring from the sooth to the notlb, I am 'olhe piogr™ 

sorry, that the observations are chiefly conlined to the vegetable 

kingdom. The table, however, contains a remark, which is of 

importance to the present subject. For it traces the nightingale, 

a feeble bird of passage, through 22° of north latitude ; by 

assigning the times of its appearance on three distant parallels. 

Now it has been shewn, that the periodic birds do not remain Rird^ migrate 

torpid through winter, in thoje countries which they frequent Iciiurely (rom 

in summer ; consequently, we may infer with safety, that the "^ '""^ °'^ "'*' 

□ightingaie travels leisurely towards the arctic circle during the 

vernal months, after leaving its winter retreat, which is unknown. 

In this long journey, this bird passes from one degree of 

latitude to another, as the advances of spring prepare the 

successive climates of the northern hemisphere for its reception, 

by warming tbe ground, and calling the insects of each country 

progressively into active existence. 



Tbe Progress of Spring shewn by the Time of fiowering of the 
same Plants in different Latitudes. 



NarcisEUs jjieudo-NnreluuB, f. 
AueiuoDe nemorosa. f, , . . . 

lJlniu.1 campeatria. v 

Crabcf^as Onyacantlia. v. . . . 
Ni;htiii|tale lingi 



FcU. 14 
Fpb. 16 

Mar. 34 



May 15 
Ma; 15 
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■lo^esrof "^^"^ deliberate mitiaer of travetling relievii tlu^ dMsry i< 
migration, it| migration from one of its principal diiiicultiea. For tkis anp* 
formed if ^"^^ potitioo makes an easy taik of a long joornej Co tfaoae knrdt ei 
feeble bird«« paatago which are not remarkable for agility and pmrer ef 
wfng } such as the red-start^ the yellow- wren , tbe nightingsle, 
and other species. Tliese wandering birds are not required bf 
the theory^ to fly with the greatest expedition through 40 or Ml 
degrees of latitude^ from their whiter quarters to thieir maauam 
haant^ On the contrary, one of them has been proved Co mow 
ilowly from one station to another, as tbe sun adrances to hia n» 
tarn towards the tropic of Cancer. The winter labours of the jadt' 
snipe, which is remarkable for its inactive habits, coafimi tjbm 
foregoing supposition. For this bird quits the northero 
early in autumn : and, in spite of its natural f e ebl eaeia 
indolence, makes a shif^ to travel over the greaiesC jjyart «f , 
Europe in the cold season. The woodcock also, aftinr leotrkig 
the same summer retreats, makes a similar journey, and pAsiBi 
over into Africa. 
Vernal coarse j gball now procee^^to give a few points in the venial coarsB 
* of the chimney swallow (Hirundo ruitica,) wiitdi is knowa to 
travel in the spring from Senegal, in latitude 10^ ssrtb, to 
Drontheim, in latitude 64° north. This bird appears ia ti»t, 
-neighbourhood of Senegal on the 6th of October ; and facM 
been seen as hie as February in the same country. It is said to 
arrive at Athens, in lat. 37** 25'. on the 18th of February ; at 
Kome, in lat. 41" 45', on the 22d of the same month j at Pia- 
cenza, in lat. 45% March 20th, A. D. 1738 ; at Tzaritzin, in 
lat. 48° 30', April 4th ; in the late spring of 1793, at Catefield, 
Jat. 51, April 14lh, from a mean of twenty observations; at 
Stratton, lat. 52° 45', April 8th, from a mean of twenty obser- 
vations j at Kendal, lat. 54'^ 20', April 17th, from a mean of 
twenty •three observations 5 at Upsal, lat. 59 30', May gthj 
from oiie observaiion. 

This route of the swallow towards the arctic circle, shews 
that the bird does not rely on its agility, and loiter in the torrid 
zone longer than is necessary. On the contrary, it travels 
slowly from climate to climate, until the sun is in 17 or 18 de- 
grees of northern declination, and spring has nsade considerable 
advances in the ungenial climate of Sweden. One anomaly 
occurs iu the vernal progress of the swallow^ which deserves the 

attentioa 
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jittention of the naturalist, because the circumstance, when pro- I-ocal drcmii* 
perly understood, shews how attentive the bird is to the local ' 

causes, which retard the spring in certain districts. The 
swallow appears upon an average, six days earlier at Stratton 
in lat. 52° 45', than atCatsfield in lat51». There is little 
or no doubt that this apparent exception to the present theory 
arises from some circumstances which retard the increase of \ 

the vernal temperature at Catsield 3 and make the spring ad- 
vance moi;e quickly at Stratton. As I am unacquainted with 
the situations of both places, it will be proper to state a few 
facts, which shew how powerfully causes of this sort influence 
the excursions of migrating birds. 1st. The bank martin greatly ia- 

(Hirundo riparia) is commonly seen at the mouth of the river "uence the 

Drosrcss of 
Kent six or seven days before it arrives at Kendal, though the ^,^^ 

distance does not exceed five or six miles. But the town lies 
near the mountains 3 and the air is colder in that part of the 
valley than at the head of the estuary. 2d. I have frequently 
heard the red-start, the yellow-wren, and the white-throat, 
singing in the gardens at Kendal, two or three days prior to 
their arrival at Middleshaw. I attribute this difference to the 
same cause 3 fbr Middleshaw lies 200 feet higher than the 
town, being distant from it three miles to the south east. 
Lastly, the chimney-swallow was seen at Kendal on the St4th 
of April, A. D. 180S ; but did not make its appearance at 
Settle, before the first of May. The letter town lies south of 
east thirty miles from the former, in a mountainous district not 
far from the source of the Rlbble. 

The preceding instances', with other facts of a similar nature, Rccamtnl*- 
shew how absolutely the^ motions of the birds under considera- tion. The 
tion, are regulated inrthe vernal months by local causes affect- ^j^^j^^co 
ing local temperature 3 and the principal object of the present upon scatoi of 
essay may be called an attempt to demonstrate, that the same ^'J^S^*""*" 
leading cause, naturally connected with the article of food, 
compels them to traverse the temperate zone, wholly or in part, 
twice in the course of the year. When the phaenomena of 
migration are considered in this way, winter and summer birds 
of passage become relative terms, belonging to the place of 
• observation. For instance, the twite inhabits the southern 
parts of Britain during tlie cold months, but returns to the 
hills of Yorkshire in spring; and if we may judge from the 

opposite 
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oppotita dimates of the torrid and frigid zones, the former will 
have no visitors but in winter, and the latter none excepting 
In summer. The intermediate space on the surfece of the 
globe is the chief scene of their operations. It is here that the 
temperature of the atmosphere undergoes great variationSi bat 
never arrives at extremes ; in consequence of which, every 
wanderer of the feathered tribe has the power of selecting a 
iommer residence in the temperate zone, which is agreeable 
toits feelings and appetite. Thedifferent kinds of * these birdb 
can naturally subsist in places where the spring has made less 
or greater advances ; fur the red- start precedes the swalloWj 
and the swallow precedes the cuckoo. This is the reason whj 
the different species travel in distinct parties, resembling the 
legions of a numerous army marching in the same direction | 
the whole body being in motion together, alternately to tht 
north and south. I shall close the essay with a table exhi* 
biting the order of this procession in "Westmoreland. The fifst 
column contains the names 3 the second gives the times pC 
migrating northwards, which is when the winter birds depart, 
««nd the summer visitors arrive ; the third gives the tinoes a( 
migrating southwards, that is, when the summer birds depart^ 
and the winter visitori arrive* 



TABLE. 
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tABLE« 



Bird! 



Anas Cygnus. « 

Pringilla montium^.i. 
Anas Anser. . . • , . ; . 
Kumenios Arqua^a.. 

Tringa Vanellus 

Motacilla fl^va ; 

Sylvia Hippolais 

Motacilia Boarola.... . 

Scolopax rusticola 

l)irundo riparia 

1*01(105 pilaris. 

Sylvia Pbasnicu]!ii9i«.. 

Sylvia Trochilus* 

Hirundo rusticii. . «... • 
Tringa hypoleucos... . 
Sylvia Sylviella. . . ••• 

Cuculus canoraa 

Hirundo orbica. • .••• . 

SvWia rubicole 

CfharadriuH Morinellos. 

Sylvia cinerea 

Hirundo Apos. •••••• 

Sylvia sytvicola. ... • • • 

Sylvia hortensis 

fyivia salicaria, ««,«•• 




Migrai^ 



{ 



March 1 
March 8 
Mhrch 10 
March 13 
March !2f 
March 26 
April 4 
April 8 
April li 
April 14 
April 14 ^ 
in exposed > 
situations. } 
April 15 
April if 
April 22 
April 76 
April 27 
April 29 
May 1 
May 2 
May 2 
Mays 
May 13 
May 15 
May 17 



Jan. or Ftib, 
October 4 
Sept. 10 
Sept. 9 

October 24 



October 14 
Octobef i 8 
Oaober 3 

Sept. 2J 



August 18 



jHi||i&tf0ii Mr 



In lUird frosts 



A.D. \^ffi4 



Tos.. XXXV.-N0. 101. I 



^^ ovBtatfuo JtfrAMttrc 



XI. 

LdOa fnm Mr. William Close, pm^ « Daer^ttUm ^ 
tke Meams of eammg hit kyJramiie ^ppantmsto act vntk m 
imimbk Qfurndtf of Wittr. 

To Mr. iKcJMiM. 

IThMloogippandtomebtluittlieoidj Uuog waodiig for 
the com^nioQQf the bQrdrtclic apparatus, the detcriptm 
aod drawing of which yoahjnre done ooe the honour to iaalsrt 
m the lathHrbLof your Joanal^istomakeitopefate irith ii 
Tanahie qoaotit j of water. 

This, I ooooeiTe, mar he done bj having several pipes tv 
ooovey air to the bell B. of die appontiis, pL I. fig. ^p whnip 
orifices open at diffci^nt heights in the cistern , and which are 
topplied with air at some depth below the soffiioe of the wa-. 
ter. 

With this % lew, let eadi pipe be contracted to half ha do* 
meter, ac about the depih of one foot below the surface of tilh' 
water io the cistern « and then gradoaQy widen to ifs gcikitt 
width, and let several small hole» be Hl^de in its side, at tlAt 
contracted part. 

Now, when water descends in these pipes^ air. will enter dl 
the small holes, and the operation of the apparatns in nustng, 
will be io proportion to the i.cmber ot pipes in actioii. 

A circular guard must he fixed on each p?pe, at socOe hbiglj^- 
above the cootiactioQ^ lo prevent anj water firom coming at tho 
air boles. 

I set up an apparatus, sach as delineated in fig. 1 ; bat iHth 
the alteranons which hare been mentioqed. The general width 
of the pipe A. B was three quarters of an inch in diameter^ 
and about tW'fn\\ -seven feet long. The other pipe was one 
inch in diameter-^the fall of water four feeL 

yDontcU^ooepintofair tjiayTpikd into the botde fime 
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p. in thi^ cpfit^.gfeach mi^u^^^ tvfTtb. about twenty pio^s txfc^ 
4Utire of water from the- cistern. 
The small syphon must have an oyer^pwii^ ^H^ ^^^^^C« 

I am. 
Sir, 
Your most obedient bumble Serv^apt* 

W. C;-OSB, 

SCIENTIFIC NJEW?, 



Geological Soch^ 



Jufifi As iai3<. 



:Xl^ ^r^ent in tbe phair. 
Xbe Poke of Devonshire, 

John \ybtsb4w, J^q. of N^w Sf^rOj, L'^CQl^*8i IQ9# 
Bt*nry Drumcoon4> Ei^- 

Charles Price, M. D. Fellow of Wadham College, Os^oif^r 
^yilliat^ Lowndes, £{iq. of Sono/erse^ ?i^» 
y iscpAnt ILirkvall,, M. P. 
^exander Sijt^i^|lai^, M. D- qf Gr/aat (Seorge Sjbcefitjj W^;, 

ip.ins^y, 
^teoxge Vt^ilbrabam^ Esq. of Upper Seymour, S.tr^, Tcfjuo^^ 

i|;^^ severa^y elected ^ecnbers of .tb|i( Sp^ty. 

An accopm of xhp {slf^ of S^n, bjr .f, F.^Kg^^ M.P% 
M. G. S, was reafl. 

The length of the Isle of Man, from N. £. to S. W. ei^^e^ 
ibirty English ix\il^, ai^d its breadtb v,afi^. frof^ .^.tgl^t to 4^tfyn 
iplles. iVboi;it gye milf^fi fr^^n the nortb^n^ ei^tremitx a ^^^r. 
tainojAs tract copn^ence^ rMooioig pftraU^ tq. t;b6 jp^k;-!^ co^ 
of tbe island; and aso form^ipg {Jl^eBo^all det#j;b^.i$ija^ 94U^ 
i^ Calf of J{4^4 si^iated ai| tbe |outb^p extrepiUy of t^e 
larj^r onp. Ti\» b(^;, or ch^u of hig^ litud is djvi^.by t^r<^ 
tiansverse va%8^ of i^^ t^^.^r^ mP^ *». ^ !f rgi?r .i*l«u4- 
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! <'iiu3ted in Ibe iJbrtlienr 



the other. The highest moiinla 
d'si-'i-ii. ihe II o-( i-lei.ii.d of 
(eci ab:ive iha level of the tea. 

The rucks of which ibis cuuotry is compoied, belong cb'w&f 
to the tranaiiion cl.c.s i^f Wertitr. Small grained granite oe-r 
curs onl; in one or two placss.jnd bi an elevation of not mora 
than ihtee or four hundrt-d fei ( above the sea. Gnew and 
mica sluie appear lo be eniirel;* uautitig, at also arc the oideat 
member, of ib clay ulaie Prmaiion. The newer portioii of 
the <.! IV elaie lormalion occupies the moal di'iuTcd part- of iba 
IhidQd, where it appt:i.i« under the tbrm oi hone alaie, roofiog 
slaie, 

Fruni these rocks the passage to Ibe transition class takct: 
placid by inseiisibli- Jegi^L-s) and of ihis the oldest roember, 
thui pn aenis i;^eir it Gre^-wakke The trait oct-upied by lhi» 
litler T'ick is. Ibr the inoM part, leas eleviited than that wbem 
th« clay slaie makes ila appearance and incloses it, The beds 
dip •■oiiib. more or less, in the emr, and tin. mc 
from venial to .ibout 35°. In this formation occtin Gre7« 
wakki-, Grey-wakke slaie, and granular ijuariz, sligbtly a 
leoua , in none of which rocks ate any organic i 
perceived. # 

The preceding formation is covered by a deposit of time- 
atone, lens eli'vaied above ihe aea than ihe Grey-wakke, and an' 
indinaiion approaching nearer to horizomal. It consists of bed! 
ti shfU hnieslone, resembling thai of Kilkenny.and of West. 
iDoreland, Cumberhnd. and Durham, tugeiher with niagneaian 
liniesione, aonieiimes in separate beds, and often in [^islioct 
paicheii encloseil within ihe oiher. This mnj 
except in a single inslaiiLt, appeared desliti 
mains, but in some places encloses roundish nodules of glasif i 
quarts 

In one or two places the limestone is covered by an uostra> 
tilled mass ol liansiiion amygialnid ; the base of wbicb it 4 
greenish wakke, cnntainin^odulesof lamellar calcareous ^or,' 
invi^sied by a thin coaling ol iron pyrites. 

Of ihe Floctz, or seron.lary lock", the only one that o«n.irg ii 
the oldest sandstone, soMie of the beds of which are so coarsft 
grained, as to merit ihe name of Coiiglomeraie, in which caso 
it consists chiefly of fisgments of quartz, with a f«w acrapr 
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tt deciTed slate, and a link iron pyii<as. The colonr or ths 
•andslone Ie red or greyish wlnie ; il is more or teas slaty, ac- 
cording lo ihe proportion of miL-aihai il contains; it Mei uncon- 
formably overihe Gran-wakke, and dipsPJ. W.at an anglt 
varying from 32" lo 15«. * 

' On the nea shore, and on ihe slopes of several of the tnoun- 
llins, are loose blorliR. in greal abnndance. of granite, of mica 
tdale, and of porphyry. 

■* The only veins ia the island are it Laxey, al Foxdale, at;d 
•t Brada-head. At present, boweier, they ate all abandoned. 
fln>e ore is galina, mined Willi pytiies, and '^'iih the caibonite* 
*f lead and of copper. The rock through which the vein* 
is Grey-wakke; but at Fuxdale they have been followed 
jbto the suhjacenl granite. 

? The paper la terminated by two tables. Of these the €rst \a 
pregiiter of ihe tempera:uie of several springs, ascertained 
ifaring ihemonth of June, 1811. From tbis it appears, that 
fthe mean lempcrHlure nf ibe island U 49° yQ', exceeding that 
■■f Edinbnrgh by abi ut 2° 2', and inferior to that of London by 
«boiii lo. 

Ihe second table contains Ihe elevation of 78 different spot* 
in the island, dediifed from baroLiietrical obF-ervations. Of 
these there re iwenty-one, the iielght of whicii is between 
lasoand 2000 feetabuve the level of the sea. 
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nodular agate (exhibited before ihi- Society) which he conceivei 

to point out 3 natural ^^.miixion between B£aie and tlia 
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The rcadiqg of Mr. Wfb«ier's japec " on the fieib-wmtw 
formations of tlie Isle of Wight, witli aome oVervalioni op 
Ibe tirqli lying above the chalk in Etigl.md," was begun. 

The observation! in thin paper wctf in part suggested by lb« 
recentiy publiitieJ memoir of MM. Cuvicr an4 Brongniari 
ConceminK the sirala in l!ic viciniiy of Paris, iti which ibej 
(lave describtnl two marine, and two fiesh-water fonttaiioot 
HKornaiing tviih each oiher, ihe whole lying above the chalk, 
which lauer rMt has hitherto been very g^enerally cgnsideivd 
110 aD<i of tbe mosi rerent dep^wit*. 

It is to Sir Henry EnJ' eld ihal we are indebted for tfef 
first obMTvalioQ of highly -inclined strata of diajlc ia liie Isle 
of Wight. 

A ciTi'ituialance BO alerla' for the thecr.' o. th« fgrmalioq, 
or of ibe revoijitions undergoim by ihe more recent atrato or 
the earlh, demanded a leiturely and careful surve^v, which waj 
entiusted by Sir H/Englcfield [a the veil known nccuracy oj(. 
Mr. Webster. 

The present piper is the result of this enquiry. 

An elevated liJge of hills runa through the Isle o("^Wris^ 
(i;) a direction neatly E. aiid W. ftoin ( Solver cliff to the Needloi. 
These bills are composed of strata souieiiniei nearly verlic^^ 
but generally forming aji angle with ibehorizoi\of from 6o° tf) 
8U° dipping northward Thcsje stra:a cousi»t of the ojif-er aai 
lower beds of chalk, that i» ihe chalk with and wiilmoi fllnU, 
covering ihf chalk marl; and these again are underpaid by 
calcareous gand-stone, with hubordinalc beds of eheri ao-ihine- 
atone, day and carbonized wood. To the north of iheae siralii, 
ocutu at Allum Bay, other vertical beds of sand and clay, oim 
of which correiipon^s in its fossils nod other charncttrs with th^ 
blue clay, containing septaria, luiuHy koown by the nspae <^ 
the London clay. 

The whole stries of vertical bods, exhibits no marks of par-* 
lial disliirbance, bni jt is evid^^. from tjie occurrence of tiitsft 
very same beds in oiher [»''T3jUhe couuiry, in a nearly hori-i 
zonlal position, and frov ''''■ '•imnsibihly of some of ih^tn 
(consisting of loose saiid \n.V.' ^aterivcfu iioduh-s of flinl) 
b^iug deposited in the vertical poJitiou in which (hey ate ftt 
p^OKot-, tba,t tbe whole ma^s Qiiut hare tk^^n bodily raised o^ 
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depvetsed, by some unknown force applied to theni subse* 
quently to the formation of the bed of London clay. 

If a line in the direqtion of the central ridge of the Isle of* 
Wight^ beextended westwards with Dorset^hire^ it will be found 
to coincide nearly with the direction of a riHge running from 
Handfast point to Lulworth^ and with that already described, 
and which therefore may be considered as a continuation of this 
former. 

The nearest tract of chalk to the nortb of this ridge, is the 
Sctith Downs, the strata of which^ together with their super- 
imposed bedft}r up to the London clay, dip gently to the south. 
Hence the space between may be considered as a great basin or 
Lei low, occasioned, probably, by the rupture and subsidence of 
^st rata originally horizontal. 

Within this basis, at its southern edge, that is, on the northera 
i >::st of the Isle of Wight, occurs a large mass of [horizontal 
it ata, in OMiny parts visibly resting on the edges of the ele- 
rated strata above-mentioned, and, therefore, belonging tP a 
perific* <^ubsequent to fhat in which the formation of the basia 
' '^ce» This horizontal deposit differs in its geological 
aituation, in its mineraJogical characters, and in the fossils 
which it contains, from any others that have hitherto been dis^ 
covered in England, but remarkably corresponds in many of its- 
member^ with the beds found in the basin of Paris, and re* 
cently described by MM. Cuvier and Brongniart, authenticated 
specimens of which, sent by the latter of these gentlemen to 
the Count de Boumon, have been by him deposited in the cabi* 
net of the Geological Society. 

These beds, as they appear in the Isle of Wight,. constitute 
four formations , the first of which, is the lowest fresh water 
formation ; the second is the upper marine formation ; the 
third is the upper fresh water formation, and the fourth, or 
superficial, is an alluvial bed. . 

The piarticulars of these are described in the subsequent 
part of Mr. Webster's ^paper, which has not yet been read. 
before the Society. 
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Memoirs of the Literary and Phlloiofriiici] Society ef i 
Chester. SLi;on<i Series, Vol. II. oclaro, 484 pages, with a 
copper plaies. London. 1813. 

This volume conlaiin ihe following papers. 1. An ai 
of some experiments to aBi'eiiain whether the -lurce of ii 
;en rating heat. B John Shar 
[id animal Ixal. By Mr. John Dal< 
I the Principles by uhitli the i 

luglii [u be esiimateJ. By Hrr.n 
: OD the Rise and Origin uf Figo 
Tative Language. By the R^v. Win. Juiins, 5. On the mea- 
fure of moving force. By Mr Peter blwart. 6. Account of 
a remarkable effect prrxlucud by a strike of lightning. B/ 
Itlalihew Nii^holsnn, Esq. with remarks by Mr. Henry. J. 
Theorems and Prfjhlems, inrended lo elucidate the mechanical 
principle tailed vis viva. B; Mr. John Gougb. 8. Oii the 
Theories uf the e^eltemenl of Galvanic Electricity. By Wil- 
liam Henry, M. D, F. R. S. g. Cur-ory remarks on thi 
mineral substance, called in Derbyshire, rotten stone. By Wil- 
liam Martin, F, L S. &c. 10. On national char:icier. By 
TbcTOM Jaitold. M- D. II. Observations 00 the ebbing ai 
flowing well dt Giggleawick in the West Riding of Yorkshin 
with a ilieory of reciprocating fountains. By Mr. 
Gongb, /see our present number.) 12. Description of a 
diometer and of oiber apparatus employed in experiments on llM 
gases. By Wil!i,iin Henry, M. D. F. R S. &c. 
moDstration of L>awson's Geometrical Theorems. By the li 
Rev Charles Wild bore 14. Remarks on the summer bird* 4| 
passage, and on migration in general. By Hr, John Goggb. 

I shall give extracts or abridged accounts of Km 
memoirs hereafter. 
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ARTICLE I. 

A Theory of the TPks, inclading the Consideration (f JB^mt- 
once. By a Correspotideui, £. F. G, U. 

(Cor^dude^ frnrn, p. ISg^^ 

THE oscillations of the sea and of lakes, oOBStitoting the 08cilUti<a9iif • 
tides* are subject to law^ exactly limilar tothose of pendo* seas and lakftj^. 
lufps Q^jf93^\^ of pejrfpraju^ ylbr^iiqu^s in thp m^xpc lu^, f oi . ^ 
su9pend«4 from pojnts which are subject!^ ^> compound regol^ v 

vibrations of which the constitaeot periods are completed ia 
half a lonar and half a dollar da jr. 

Supposing the surfiice of the sea to remain at rest, each point 
gf it will becoRie aliernatelf eleval^ and depiessediDcooi''- 
pari^oQ with the situation in urbidi ft would reqialo iD ^equili^. 
hr'v^m, i|8 <lj/»taj^^ frqm ;his |if q^ipi* Taryinj fccqrcjiftg la Ijke 
regular law of the pendulum (See TheoreAlj^f and it will h& 
actuated by forces mdirectly dependent M, ^M proportional to 
this distance, so thai k may be comparBd to tt^fimkalvm remaio* 

VouXXXV.— N9'lW. Q iog 
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ing at iMf ill Ihe verlical line about which irs [wint orsuspension 
vibraies, aud uill consucjutfrnly follow the moilan uf the tempo- 
taty horizon in the same manner a* the pcndnlum follows the 
vibration of its point of suspeniion, either with a direct or 
retrograde motion according to c i re nm stances : the operation of 
the forces concerned being perfectly analogous, whether we 
coaiider the tltnple h/drostatic pieisure depending oa the 
elevation, ortbe hoiizonial pressure derived from ihe -nclina- 
lion of the avtrface, or thi; diftVreniial force immediately pro* 
ducing elevation and depression, depending on the variation of 
ihtt horizontal pressure, and proportional to ihecurvolureof the 
surface, We liave only to determine the time of spontaneous 
oscillation {ir:) either in the open sea, or in any confined chan- 
nel or lake of known dimensions, and we may ibence immedi- 
ately infer the magnitude of the solar or lunar tide, supposing 
llie resistance inconsiderable ; and supposing the resistance 
given, we may obtain by approximation a sufficiently correct 
idea of its effects. 

CoTolkry I. Neglecting, in tie first place, the resistance, we 
may suppose, a lake or sea to be contained between opposite 
raasts in the direction of the meridian, and call its breadth in 
the direction of the equator b, and its depth d, both in miles ; 
then the time rerinired for the complete oscillation of such a 



lake will be- 



t 



n hours: and the sgna 



of this time will 
to 144, or as 



be to the aqaare of half a solar day (a) ^— 

f to 2B30000rf, : : 1 ; u (Pr. A. Sch. 2.) and n = 2S30-000 d -. 

i',aiid _?— = , which is the mdlipUer for 

determining the eiLCuraion of the pendulum from that of the 
point of suspension, or the true height of the tide from the 
variation of the form of equilibrium ; so [hat if £ be considered 
as a circular arc, the height at the eastern and western shores 
will be Sib^^^-j^^- A, A being the whole height of the 
primitive solar variatioH, and in the same manner taking half 3 
lunar instead of half a solar day, we have S i h — ?55?2?2^&, 



for ihe lunar lidp, A being liie primitive lunar variation; and 
for a lake of flO" in breadth, where i = 62l6,orfor ihe open 
ocean, the heights become k, and —^ — h respect ii'elj'. U 

u-ould, however, probably be more correct Co make the numberB 
J4and 13 somewhat larger, oq account of the deficiency of 
Telocity obaervahle io almost all ibe motions of fluids. 

Cprollnjy 2. In this calculation we neglect the allraclion of juf^^j^f,,, 
the parts of the sea already elevated or depressed, so that it 'f^'s dtnsii 
would only be strictly accurate if [he density of the sea were 
absolutely inconaiderable, and h were '8 or 2 feet. But if the 
earth consisted whully of a subsiaoee not more dense than 
water, the force tending to destroy the level of its surface would 
be only J^ aa great as the disturbing force which would act at ibe 
sagiB point if the body had assumed the form of equilibrium, 
since I of the force would be the effect of the attraction of the 
parts actually elevated (TheoremG.) ; and the ratjoof the forces 
would be the same in every part of the vibration ; so that the 
time of a spaiiianeous oscillation woiitd be increased in the 
iiubduplicate ratio of the diminution of the force, and the value 
of 1 diminished in the simple ratio. And if we suppose the 
density of the eartb to be about 5^ times as great as that of the 
Bea, the value of n becomes reduced to ?-| n, and we find for 
the solar tide of the open sea "-^, and for the lunar 

'^ rf— lS-7 d-]*-6 

= a i and having the actual heicht a, d = — ^— , or ^ : 

the depth 157 and ]4'6 miles being the smallest at which the 
tides could he direct : supposing the sea shallower, they would 
be inverted, the passage of the luminary over the meridian cor- 
l-esponding with the time of low water. 

Corollary 3. We may form a coarse estimate of the effect of Reaiitance 
resistance on the height and time of the tidea of a given sea by ■ simpla tar 
considering the case of a simple oscillation subjected to a 
resistance proportional to the velocity. Supposing the retarda- 
tion or acceleration of a lunar tide to amount to one lunar bdfir, 
the arc of the circle appropriate to the vibration becoming 30*, 

thr 
■I' 1 Q2 
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lite couoe of this ace will be -.BOG, end ilie height will be *fl66. 
i:!^. (Th, E.) for the of«n sea, and d = -1^1^ ; Thos if 
tbebeight were2 ot — 2, li would be ?30 or 7Z7, while the 
formula — i—'ll. indepemknt of resiMance. would rive oulr 

K— «*63 ' B t 

0*49, a Dcgntive value of d being iropoMibte. If k were —3, 
with thii re§iataiice> d would be 6'83. The line uf 30" beii^ 
'3, the resistance, when grealest, would be equal to half iti* 
greaieit acceieciling force. 
*i:iuiil rnngni- Corollary 4. If the boiiom of ihetea were perfectly smootll 
rtw'«t'i!i''r ""* horizontal, we miglil form some idea of the rcsislanc« 
oppoted (o the tides from the phenomena ot rivers and pipes ; 
but on Bcgotini of the great ittegulaitiy of form, we can only 
infer thai the resiiiance mnit be incomparably greater than that 
which is thus determined. The horizontal velocity is most 
readily deduced from the effect of the inclination, which gene- 
rates a fusee varying according to the law of the pendulum, 
and producing, therefore, a feloclty, which, when greatest, ia 
tothat which would have been produced by the whole forc« 
uniformly continued for the same time, as the radius is co on* 
fourth of the circumference : tlie sine of the inclinaiion, which 
expreuee the force, ii also to the whole height divided by (ha 
breadth, as one fourth of the circumference to the radius : so 
that the greatest velocity becomes precisely equal lo that which 
would be produced in the tame time by a untibrm force, 
eipreised by the height of the tide divided by the breadth : 
and for the solar tide in the open sea, ne have a force expressed 

by the sine J- . operating for three hours, which It 

•quivalent to the force of gravity operating for ^ — ^ — , and j 
will generaleavelocityof .^^^1_ = ^= J. inaseeond, 
or, if 5 be Supposed equal to I foot, about \ of an inch. Now 
it appears from ibe etperiments of Dubuat and others (Phil. 
' Trms. 1B08,) that the resistance may be expressed in inches of * 

pressure by the formula / = o—v ' + 2c — u, where, f 



fioatiderabU deplhs, itc= -QOOOiflS, and ( 



; '(XWOg, or 
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perhaps -OOCljii being four times Ihe depth) but instead of 
biviDg f as a measure of the beigbl ccrresponding to the 
reiiitance, we may dsterniine the equivalent ioclination by find- 
ing ^, which will be— t^j and this we are lo compare with , 
ihe greuteat force lending to produce the horizontal motion, or 
J^^-. But since ..= -l'*'^'^" ""Hs^e . r57Q87 

6M6Xa28I) 6i\6 S .52ao' d ' 6'216*<5SBO 

■ T"i,r~' """ '"^ greatest resistance will be lo the 

greattsl propelling force » ii*II22 <cre +2e) (o rf, or as 

35i;+126 lolhe depth in inches, that is, as 4- + 101 feet lo 
tbe deptb. Hence it appears that if ihia calcuiatioa were 
sufficient to determine the magnitude of the resistance, ihat part 
of ii wbrch varies as the njnare of the velocity would be small 
in comparison wiih the part which variea as the velocity, not 
only for a tide uf one foot, but even for ooe of ten feet in 
hnght i and that both parts would become almost insensible in 
a sea of considerable depth. In tact, however, ihe observaiions 
have been made under circumstances so widely different, that 
no valid conclusions can be formed from ihem with respect lo 
depths BO great and velocities so small, even if we could dis- 
regard Ihe irregularities of the bottom of the lea, which, by 
tke eddies and other deviations depending on (hem, must create 
a fnuch greater resistance than the calculation indicates ; and 
this resistance, from Ihe nature of the ceatrifugal forces con- 
cerned in it, is much more likely lo vary as the square of the 
velocity than as (be velocity simply. If we employed Dubuat's 
origto.! form... „= (vr-l)(-,--,jiS?___--3,) 
we mighl infer that lire resistance or adhesion would annSiilate 
the Velocity when '3 (V^— HL^ <i + l'6)) became eqwa I to 
ap7. * heitig the cosecatii of ihe incliiHtiou, or here ^^'^>^'^"; 
wtlhal, ir7 = l, '3 (v''-HL^V^-fre)) = 1369: con- 
sequently Dolhing can be inferred from the calculation, except 
Aat Dubuafs formula is IWally inapplicable lolhe case ; perhaps, 
bonever, the extravagant resistance, which is indicated by it, 
fnay be admitted as a conjectural argtuinni, to shew that the 
resistance. 
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reaiitance, evenin ■ wa of a form perfecrly regular, would pro- 
bably be greater than is inferred from ihe formula for pipes and 
riven, published in ibe Phil. Trans, 
t of tbe CoToUary 5. We are next ro inquire what would bo the 
QQ tbR effect of a considerable lesisiance, varj'ing as the square of ihe 
*™*'"''"' velocity, on the compound tide, produced by ihe combination of 
the lunar and aotar forces •• rind the calculations in Tbeorein D. 
will serve to illustrate this case as it is found in nature. The 
fint remackable consequence of such 9 resistance is the alteration 
of Ihe corapaialive msgnitudeB of the forces concerned : the 
extent of the oscillaliong tieJng dimioisbed by the resistance, the 
diminution will be greater where the resistance is greater fcM' a 
given velocity, and the spring tides will bear a smaller propor- 
tion to the neap than if there were no resistance, so that the 
apparent inequality of tbe solar aud Innar forces will be greater 
than their true inequality. We must, howerer, remember in 
making this calculation, that the proportion of the tides is by do 
means precisely the same with that of the disturbing forces of 
the luminaries, but may dilfer from it more or less on account 
of the difference of ibe periods, according to the depth of the 
ocean, and the form and magnitude of the seas and lakes con- 
cerned. For example, taking n^= ^ and r=: ^ , or since 
R = — , d = loi miles, the greatest resistance being supposed 
for the solar tide equal to ^ of the greatest propelling force j it 
appears that under these circumstances, if tbe true spring and 
neap tides are generally as 2 lo 1 , which seems to be very nearly 
their true proportion, the tides which would happen if the 
retiata nee were annihilated, would be in the proportion of 4'367 
ta 3*055, and tbe primitive forces exciting these tides, instead 
of&422and 2-312, would be6-422 !^=^^^^aod2'312 — \or 



in the proportion of 5'15& to 23\1, 
therefore, that without a more correc 
tbe sea, and tbe resistances to its mo 
impossible to form any accurate 



DS to 1 . It n ob?ioiu 

viedge of the depth of 
than wepossess, it it 
of the proportion of 
the solar and lunar forces from the tides, even if we suppose out 
obiervatioiis to be esempi frem the op eralion of anj' of Iboae 
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local causes wl'iich have been deKribed, as. likely to inQaeoce 
tbis proportion : in fact it is not impTobable that [he irtegula- 
lies of tUe fotia of the seas are so great as to set at defiance all 
calculation, even if ihey were aicerlained. 

Corollary Q. The lime of high water Is also »ubj«ted to Effect o 
va r I ou 3 modifications, according to the resistances concerned. Hie timi 
It ii easy to see, that a resistance of any kind will produce a ^'^' ' 



tides, (Ciir. 3) ; but the law of a resistance x'arying as the 
square of liievelouty produces two remarkable coiisequetices 
with respect to the time of high water r first, that the spring 
tidtis will be retarded or accelerated more than the neap tides j 
atiJ secondly, that the highest tides will not be precUely ai the 
gyzygies. but may be before or after tbetn, Hccording to circum- 
stances. Tbu first of these comet) uences has not been suffi- 
ciently established by observation, although it has been re- 
tnarked in general, that high tides happen earlier than lower 
ones, other things being equal. Btiit in m^iny of the harbours 
in which the most accurate observations have been made, the 
lime of high water may perhaps be somewhat modified by the 
dilferetit resistances opposed to tides of dJIferent magnitudes in 
theii passage from the teas in which they originate. The se- 
cond circumstance is observed in a greater degree than can be 
well explained from the preseut state of the calculation. It is 
Dot easy to suppose the conditions more favourable to the re{at' 
dalion of the spring (ides, than they have beeo assumed in th? 
case stated in theorem D ; and the masimum is here scarcely 
at the distance of a single tide from the conjunction, the second 
excursion being somewhat smaller than the excursion immedi- 
ately preceding the conjunction, not is it probable, that the im- 
.perfeciion of the mode of calculation is so great, at to atfurd a 
lesalt very materially different from the truth . It must, there- 
fore, remain, for the present, as a difficulty to be solved by fu- 
ture investigalioDs, that in many ports not far ren:ote from the 
open tea, to which the tides can by no means be, as Laplace 
teems to suppose, a day and a half in travelling, the third tide 
•Aertheiyzjgy is, in genoral, the highest J if, indeed, this fact 
should 
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iitttMi be contirmfed fo al) iti extent by observaliont mnile ia 
■ greater variftly or situations Ihan ibose wliich have hiihetta 
iwen recorded. The advance of the spring tiJes at Che sol* 
slices, wliici) Laplace has addncpd ai an II In il rati on of [he de- 
ftndence of the tides on the stale of the luminaries a day and 
• bi]f before, hceilainly favourable to hia c^inion. Bnt ibi» 
icireomMance ii not sufficiently esiaWlslied by continued obser- 
ntion, to counterbalnnce the incomgiatibility ot so slow a pro- 
grtu of the titl.-« from the open ocean with the u-dl known 
times of high water al the diSertin ports. There is also some 
difficulty in fexplaining the occurrence of high water at St. He- 
lena ajhogrs, and at Belliile 2^ after tfte moon's traiisit, in 
thesBsiiuaiiom. which seem lobe as tfttte remote an possibie 
frtm the source of ij,e tides of the Atttnlic. The direct riitei 
on the eastern coasts of a set like the Ailnnticj ought to happen 
iabool an hour before, and the inverted almost fit-e hours after 
the transii : an acceleration of 2| hours seems to be greater 
than would be expected according to any probable estimate of 
'(he magnitude of the resistance. The simplest solutich of * 
Ihii difficulty seems lo be 10 suppose the decpesi parts of tho 
Ailanlic much narrower than the vfiok of that ocean, so as to 
cause the simple inverted tide to happen considerably before 
the fifth lunar hour; tirrlesi we choose to consider ihe principal 
'part of the phenomena of oar tides as ilependsnt an the aSec- 
lions of distant seas, so a^ looccnr at limes very difiei^nt from 
Vhoseof thepribitive variations of the Atfaniic. The ttdei 
)S'n the Western coasts agree vciy well wild eilhdr febpjKWirioii. 
Thp slight difference of ihe ascent 3t>d descent of the tide, W- 
imsrtied by Mr. Laplace in the observation* at Brest, may be 
pxplaiiled by s comparison with the form of « Common wa»B, 
which, where the water U shallow, i^ alwayi steepen before. 
Thl» circunisiance arties from the greater velocrfy wtii v/fat^ 
the upper parts of tKe wirre adwmce, where the diSintee «f 
iTie depths becomes considerable, (Phil. Tratja. 1 BOS) ; tmA it 
Is, perhaps, aomewhai iotireawd by i(ie rdSTStance Of the bcnoni, 
Whefe the tide travel i ftr in sh«ll6w channels, it* Irregohritf 
0f iftfiJltiHiioii lilcrea^ fatirp^bi ^ptt^ fpr KOIOfc, In ^ 
SeverOi 
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Severn, it HiSiilht* almost the appearance of X steep bBiric. 
(SwNich. JoUTii.vijl. XVni, I8O7, p. 118.) 

Scfiolium 1 . As a ronKimatiiDii of the condusiont which hare DifTcrrnt 
been ilediiced from the analogy of the oscillations of the Raids culaiion. 
with tlie vibniilunaor the pendulunit, we may obiain similar 
resaliB from ihe immediate cnnsideraiion of ilie progress of the 
tide in an open on;an following ihe luminary like a widely ex- 
pended «-ave. If [he actual height of the tide be called ^, its 
virtual hefght, with respect to the form MjiCh would afford a 
momentary equiiibrlom, will be 7+ A, and the propelling force 
will be prcportrotial to this height: now (he natural velocit}- 
of ihe wave, m^ (^, is generated by it! eiposure 10 a force 
proportional 10 its simple hoight for a time proportional 10 ibat 
Wtich it Occut)ie) iii passing oi^r its own breadth *, that is for 
and If it he exposed to a force greater or 
1e iiniHcratioof 5+tt07, ft»r the tiioe- , where « ia tive 
velocity of tolallon. lis vdoclty will become m^(y) 1±A A 
.'!iyiyi=m\^d- i±A, which must be equal ion,ai.a 

b ^ 711} ' ^ . 

n'j =171'^^+*), aBd pmiii^ «° = TO*.|r, rq = d {q^k) and 

~ i-_. , and d^z .12-1 preci»dy os already demontTrated ,- 

T-d q±k 

r being the depth, affording fl velocity equal lo the velocity of 
rotation. And supposing, in the ne:ii{)lace, such a wave to 
be liable to a resistance fproportiooal to the velocity, we may 
illustrate the etfed of the resisiaoce by comparing it with that of 
another wave, whkb we may call-its repretentative, combioed 
wilhiheorignial <ra\v, and altering ibe inclination of its surface 
lotbehoriaon.Thus,iftheordinai05oftho«ur¥eA (Pl.V fig.l) 
represent ibe elevation and the hortaontal velocity ol the tide, 
iboSG of the curve B will exhibit the force derived immediately 
from the resisiancs, which will be the «ame as would be pro- 
duced by the combiaatioo of the wave C with the original wave, 
or as tf the momentary position of tbe virtual horizon ^er» 
allcKdCrof»iU mtaod •tale I0 tb^-farm^l, .wjbich li the is. 
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verteof C i atiii tliis furm D must be combined wiih the 
tual vafinlion of the hoi izon correspoDding to the primitive tide, 
ID such a manner as to [irodiice a result agreeing in its po'tition 
with the actual tide, and such aa is reptessnted by the cur^e 
AL for the direct, or AF for Ibe inverted tide : and this will'ob- 
viously happen if the priniiiivc variation be reptesenied by the 
space included between AE or AF and DC, ibe resistance GH 
beiDg proportional to the sine of the displacement HIorHK, 
and Ilie height of the result LE or LF, on wbich the true 
height LM iromediaieiy depends, 10 its cosine: the (rue raai- 
imum at M following iliat of the space AEL, and preceding 
that of t'GH, Bshas already been shown by a di&rent me- 
Ihoj. 

It may be reninrked, that since the resistance probably vatia ' 
with the depth, the reuogr-ide moiioa of (lie waters will be 1 
more impedej than the direct, and a very iJow, aJtiiougb per- ^ 
haps nn ina perceptible, current from east to west will thus be 
established, its velocity being always leas than that which is 
sufficieni to produce an equality of resistance in the different 
directions. - I 

Effect of re- Scholium 2. It has been observed, in corollary 6, that the 1 
■iBtance on time of high Water may perhaps be modified by the resiatancea ' 
a wave. opposed to the passage of the lides from the open ocean into 

the ports at which they have been observed. And indeed 
without amatureconsiderntionofihe subject, it would have been' 
natural lo speak with less hesitation of the efiect of resistanco m 
in retarding the propagation of an undulation through a fluid. 
In reality, however, this retardation appears to be very inconai-^ 
derable, if it exists at all, at least where the height of the wave 
is moderate in proportion to that of the £uid. We may sup- 
pose AM to be the figure of an undulation advancing simply b 
a channel of a given depth, with a resistance proportional to 
the velocity, .which may again be represented by the rirtual 
elevation of the wave C, which must always acGompany the 
original undulation AM in its progress, and 'must, tbereJorey 
constantly tend to produce the same motions in the particles c€ 
the fluid ai a real wave of the »me magaitade > foi the figme 
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of the surface^ and the velocity with which that figure saceei-> 
sively changes or advances, are the only causes which fur- 
nish the immediate forces concerned in producing the elemen- 
tary motions constituting the oscillations.^ Now, while the 
imaginary waveC advances a little into the situation N, it is ' 
obviousthat, in consequence of « the action of the forces which - 
it represents, the surface must be elevated at N, where thd sur- 
face of AM is depressed, and depressed in the half of the un- 
dulation next to C, where AM is elevated, so as always to di- 
minish the magnitude of the original' undulation, without afiect- 
iog its velocity, as it would do if the curve C crossed its absciss, 
in any other points than those which correspond to the greatest 
ordinates of AM. And the rate of diminutlou will be sucb^ 
that if it continned onifbrm, the wave AM w^old be lowered 
at M during the time that it passe* over one-fourth of its whole 
breadth AL, by a quantity which is to the greatest ordinate of 
C, the representative of the resistance,, as the seroi-circumfe- 
rence of a circle to its diameter : but since the resistance would 
vary with the height of the wave, the actual diminution would 
be expressed by a logarithmic quantity. Thus, if the greatest 
resistance be to the greatest propelling force as r to l, the 
fluxion, or rather variation, of the height q will be to that of the 

absciss x as 90° y.qr to 90 , and — f = rqx, — ^ ^^^ rx, and 

H. L. y = C — rx, or calling the primitive value of q unity, 
a = r-^*, tod-1 ^ e". 

s £• F. G. H. 

London, June \^l\. 
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Fifth Mo. 30. Aahowerp, m. Thunder to the westward. 
31. Fine day: some thunder clouds appeared: the evening 
twilight waa brilliant and tinged with orange — 
was conspicQouB, and there fell much dew. 

SUtlt Mo. I. Cnraolus, cumuIoEtratus, and cirrostialus 
clouds. The sunset was cloudj, with an orange lint. 2. Cir< 
Tostratui clouds, with haze, to the S. at sunset. At the same 
time there were cirri in theN. more elevated, and finely tinged 
with red. 4. Windy : cloudy till evening, 5. Clear a. m. 
arcerwards cloudy and windy. 8, Windy : at sunset, i 
with the cirrostralos allaehed : much orange in ihe twilight. 
§. A shower early : clouity, dripping. 10. p. m. Large sle- 
vated cirri. II. a.m. cumuloslratus clouds; 
abundance towering and thickening. 12. Cirri, tinged red in 
tbe morning early : before 8 it wat overcast, and rain fell. 
13. a. m. Cloudy : a shower at eveaiDg. 14 to 20. Occaaiooal 
•bowers, some of which were heavy rain, 



RESULTS, 
Prevailiiig Winds Dorthvrly. 

Karaoi^ter ; greatest observed elevation, 30'!0 in. ; least I9'43 in. 

Mean of llic period 29-889 inchei. 

Tbennoinater : greatest bcigbt 85°; leut 57"-, 

Mean of the period, 57-93°. 

EvipcratioD, 3'73 ID. Rain i-Og is. ' 

L. HOWABU. , 

TomRRAM, ' 

Pot tbe greater part of the observations on the barometer anil 
Ihermoineier, for the present pefiad, 1 am indebted to my friend, 
JoliB GibEon, of Stratford. 
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I'chrcn 



III. 

0» rommon lai for virit'mg. B;/ Dr. Bakcsoft, F. R. S. 
(^e. From Alt Reiearcka into Permanent Colours. With 
adiUtional Remarks. 

CICERO (Tuscul. 5,) has given a copious ststemcot of thp 
impori^iU bene^ts mulling to mankind trotii ilie use of 
ink J bm probably iliej- might, with more proprii-iy, be ascr 
to the Df( of writing, ihan to the mwtf of esercising ihia 
dI' which ink is but one, though certainly it is aol the least 
interesting among them. 



3iial\y Mac 



The Laiin 



■ ink, flframentum, and the Greelc nnme 



q{ writing ink, (H'xnjpaptttu, itrictly denote a iiaci subslancsj 
and authorize us lo conclude, ihai ih'w was originally and ex- 
clusively ihe colour of the liquids cmplaycii for writing j 
thoogl) afterwards other coloured floitis were applied to the 
same purpose ; nnd then to ibe nanies tigaifying £'/act iok, or ' 
black matier, other words aigoifying red, yellow, &c, were 
inoongriioiisli/ united*. * I 

The iiiiLients 2[ appears that the ancients had not, even in Pliny's time, ■ 
black Train become acquaint''d with our writing ink, or at least with the - 
^^t';^^3'uieof it as such, even though the black, produced by a com- 
'il'' bination of iron with Ibe colouring m^itler of galls, oak, bark, ^ 

&c. waa frequently brought under their obssrvaiion by shoe- ^ 
makers, who gave this colour to their leather, as they do at ■ 
, present, and by the very same means ; it seems probable, also, • 

that galls were used to dye black with ^.ulphate of iron, at the - 
lime when Pliny wrote his comprehensive work ; for in hia 
xvithbook, chap. (J, after menlioning that all trees which pro- 
duce acoro't afford galls, Pliny adds, ihat those of the oak 
kemtris, (which be had previously mentioned as bearing the 
largest acorns) were the best and most suitable for limning lea- 

I, • " Vemm Uaii]uam peculiare wgra colori esse c 

mcnf i nunicn ; quaoquiiui pro pignientlt scrip tori is alDgnlia, e 

coloribui Dsurp^tum sit." CaHcpBrios.lQi, 



ther ; ihat lliose of tlie broad-leaf 'd oak were ligliier aiitl lest 
esleeitied ; but ibat it moreover produceH a sort of black galls, 
whicli were more useful in dyeing;* ancH ihese he meniions' 
again in (he nest chapter j and in the 4lli cbapier of his 20lli' 
book also ; where, after describing the different sorls of galls, 
he adds, than hey all possess similar properiies, and dye hair 
or wool Waci, " Omnea cnpillos denigrant." That iheir co- 
louring matter was combined wirb iron foi- this purpose, is not, 
so far as I can recollect, expressly st.ited any where, but (hat 
Pliny was acquainted with (be colour produced by such combi- 
nation, is evident from the lllb chapter of his ihirty-fourth 
book j in which, after mentioning iho salt of copper (blneCallaa 
vitriol) as being frequently adulterated by thai of imu (green "''"^" 
vitriol, which the Greeks call clmkanlkon) he observes. Ihat ' 
this adulteration might be delected by impregnaiiog paper (that 
of the papyrus, with an infusion of gall nuts, and then smear- 
ing it over wiih a solution of (he cuprous salt, which, if so 
adulterated, would produce a black colour. (" Deprehendilur 
& papyro galla priua maceralo ; nigresc'il statim jeruginei 
illita.") Bn( the knowledge which the ancienis possessed of 
(he production of a black colour "by a combinadon of iron 
with galls, oak bark, &c. ii demonstrated by [be use which 
they made of a solution of iron, to give that colour lo tanned 
leather. This soludouj or the sulphate of iron, dissolved by 
water for that purpose, was generally called by ihe name of 
" alraraenlum sutoriumt," shoe-maier's black. The Greek* 
and Rotnaas, indeed, had incorrect notions of the nature of 
the sulphate of iron, and supposed it (o bear some relation lo 
copper, as (he moderns did long after ; an error which occa- 
sioned ii to be commonly called, as it is even at this time, cop- 



• " Sed galla™ Utmo-ii optimal 
ximikni buic lati Ibtia, sed letiurcni 
etnigr<un: duo, cnimgenrre sunt 



I, & coriis ptrfideodls apliasimai 
niiiltnqne mious proUalam ; f 
fine titigaiiU atHioT." 



\ Tbis vtai oflcrwarda used lo fignir; bribery, and ■ person put 
Dpouhia (risl.imi] curruplly actiiiitted, was EaiJ (o be " 
untiirio abeohitu!!," Bbiolved by ftioe-i!iBker'i black. 



^m 



ptrai. That Pliny tells us, (lib. xvxiv. np. )3,) that th«i 
Greeki, \a consequence of this suppoKiI Tclatian, had gt*«i'' 
the name uf clialcatithum to that substance which tbo Latitia' 

denominmcd alramenium suLoriura ; and afior mentioning hoi?, 
and the placei where it was produced, iu colour, transparent 
gtoss)- appearance, &c, he adds, ibat being dicolved or dilmed* 
It lervod ilie purpose of blaining leather black*. 

But, notwilh^iandlng this knowledge of ihe^iack, p;oduc< 
byirnn v-iih gnl]« and other matters, ihtn employed for t«i 
ning skins, (aai'ing Which wera the pods of an Egpytian acacj. 
the cups of acorns, &c.) no appliiation of this knowledgftt 
for the production of wridng ink, appearsto have taken plao^ 
when Pliny wroie his history ; for in liis thiiiy-fifih bock, clujv 
6. nfrer mentioning the black pigment employed by painttrs, aoA 
describiti? it a» being obtained like our lamp-black, by burning 
tosin or pilch in placee wlikli. he sayj, ^ere constructed pat» 
pDsely to hinder (he escape of smoke, lie observes, that tbfi 
hsl was obiained from torch wood, or pitch pine, though fte- 
quentl/ adullcraied by the soot collected in furnaces and 
bagnios; and ihii, keatlils.if empl"T/i-d to writii books f. Hc 
afterwards adveris to the wonderful nature of the eutlie luh 
and its ink, (of which, and of the use anada of it to conceal 
ibemselves when in danger, be had giien an account in (he 
29(h chapter of his ninth book ;) but observes, that no us* 
was made of it as ink- " Mira in hoc tepiartim na'ura : ml 
ex his Ron^t." In the same chapitT, Plioy adds, that, for the 
purpose (if writing, the lampblack, or soot, wasrendcied much 
more useful by being mixed witb gum, and for painting, by an 
admixture of blue — " perficiiur librarium gummi, tectorinni 
glutinoadmiiio." And any person who will lake the iroulile 
of mixing lampblack with waier, thickened a little by gnm, 

* " CrKci cagoatloDem Kris nomine rcrcnint & atranici)io iiitiirio : 
ffpetlaal entai cIiatcMitlium : ncc iilliin, a^qiie miia iiat'ira ir^t." 
" iilueadv fit nfmmotinn liagiitdii coii'n.. Pliu. XXkit. 

t '' LaudatiEiimiim coietn nioiln fit c teifU j" adnltcratur CljimcDiu 
bahiuuiBiiiiDe/ii(i(>ne, qa« ml Tiilumimi nriha^aMiiiRJvr^' 
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rnay obtain ao ink of no despicablequiilily In other respecti, 
and with ibe advaniage of being much ]ess liable to decay by 
age, than the ink dow in common use. 

Buttliuugh ihe Greeks and Romans, in Pliny's time, were Tde fnriigi- 
acquainled with no belter wriiiog ink ibanlbat which I have "^^'^^|J^li''?^jg 
just mentioned, the knowledge Ibcy had acquired of ihe colour ""■ 
reauliing from a combination of gall nuts, Sic. with iron, would 
iiatarally lead tlieni to employ [he black 5o produced, as ink ; 
atid probably oiler doing so, they would find motives to induce 
them gradually to adopt its use; as, indeed, ihcy appear to 
bave done, though I cannot discover from Caneparloa, who 
has written a volume on the subject, any evidence of the time 
when this substitutioD began. We may, however, infer from ••♦• 

Sir Charles Blagden's coratnunieation lo the Royal Sodety, '"^ 

(in the Phil. Trans, fur 178?) ihal inthegrh century those who 
made it iheit business m copy manuscripts, used ink composed 
from iron and galls, tboljgh, probably the uie ol it wss not so 
general, as wholly 10 preclude that of lamp //nrioraootin ibis 
waj*. I shall, indeed, presenily mention a composition of Indeilmctibie 
my own for ink, of wbicb lamp black is a principal ingre- ' , 

dient, and which may probably cause the latter to be hereafter 
employed in a similar way; at least for purposes which may 
require 3 most durable and almost indtstmcliUe ink, Of thu Aconnntof 
writing inks most generally oaqd in the beginning of the 17ih -^J^ " (.^ug, 
century, when the Work of Canepari as was printed at Venice, ?»""*> 
hegivesanaccount between p^^es 170 and ] 79; and tbey ap- 

■ Tbat the nse of lamp bluk in makic; ink vas n«t whully tiiU 
utile wheu Coneparlui wrote, aptieara liy Ibe icceigit vrliicb tie tins 
given at p. 176 ; fotapsrlable ink, lo coufi^t of one puiiid ot' iicuiey, 
Ihe yolks of two eggs, half an oiinci: of gum arabit^ in powJer, ai 
murh lamp black as woulJ rrnJer ILe niiilnre snfficiputly black. 
Tliese nare to be well beaten, and mixed In a mortar, so a> to make an 
□nifoim and solid ma^s i of wbich, when uantrd, a litllt *^ ti be 
dissulveil in water. Evenatthia liffic, tlic Buiiis ill Ibc C»pe (^ Good 
Uupe are said. I tbiuk, by Mr. Barrow, tu write \i:tUisoot and bvowa 
■Dgar mixed in water ; and I bave often lecn iipcb ink entjitoycd by 
fatuierl in North America. 
VoL.XXXV.— No. 164. R • peat 
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propoltisni. 



ptarta have coniiated principally of galU, sulphate of iroD/ 
water and gum, in difiercnr pruportioni, to which some persons 
added the bark of mountain ath, or the ripe berries of tbe 
privet; and olheti ihe rinds or peelings of pomegranates ; and 
these last he strongly commends, as coniribniing very much 
both to the lustre and ilackness of the ink ; and I have sonie* 
limes been disposed to adopt this opinion; bul, probably, the 
good eftects which I had occasionally observed from ihis addi- 
tion, may have been manifested only when, from a defect, or 
want of the galls, ihe proportion of iron would have been too 
great without the poniegranaie peels, which, indeed, will alone 
produce a good ink, with sulphate of iron*. 

who (tv« the The best proportions among those suggested by Caneparios, 
have been half a pound «f sulphate of iron to one 
pound of galls, wlih a quarter of a pound of pomegranate 
rinds, and about as much gum ) bui even mk so made, would 
have been more lasting, if not blacker, with a fetv ounces 
more of galls. He afterwards highly dommende the addition 
of a tittle while sugar to ink. Sonse persons, be tells us, em- 
ployed wine instead of water, wbich rendered their ink less 
liable to be spoiled by freezing j and to obviate ibis more eBhc~ 
lually, Caneparlus proposes an addition of brandy to (he ink. 
He observes, at page I, "2, that some i'li-moAerj used lite black 
liquor n/ iht. cuttle fish, in addition to the other matters. 
(" Admiscent alrum iiquorem sepix piscis marini," 8ec.) 

Ink powder. At page 177, Caneparius directs the composition of an ink 
powder, by mising and grinding together galls, with about 
one-third of ibeir weight of sulpliate of iron, and one-(iflb of 
gum, and tbe saroe quantity of alum, f which last Is, I believe, 
DOW proper^ omitted in these compositions) and in the folfow- 

Iron water, ing page he describes an ink for staining linen, &c. which waa 
prepared by putting iron filings and powdered galls into the 
strongest vinegar, and placing them over the tire, until so much 

* Haling noticed Komcpriiitod receipts for making ink with pome- 
f>r,iii»tfi peels and sulphate of eoppir, iiirfenilsf iron, I jiirpareiJ sneb 
Bii ink; t>iilthecolaiir, as 1 had expected, was merely au iiliie brown, 
ntt ilatk. , 

af 
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of the melal had been diisoUed, aa would prodacc the required 
blackntM. The fluid part of the mixture wai tbmi separated 
bj Birsioing, and thickened by gum. Thii compoiitioii, thougb 
diilering iu regard to the method of preparing it, resembles ihe 
proiubstitative black from acetate of iron and galls, comiAonly 
employed at thi> lime by calico printers. 

At page t79> Caneparius describet a method of restoring Ancient wri- 
the blackness of writings, which mere become illegible by age, bylall™ "" 
■nd this was by an infusion of galls in white wine, which he 
afterwards subjected to an unnecessary distillation, and iheo 
applied the liquor lo ihe faded letters, by a sponge, or a linle 
cotton, which, he says, rendered them as diatincily visible as 
when lirsi writ leu. Prussian blue was not then known, and, 
therefore, the application of its colocring matter foe this pur- 
pose, (as recommended by Sir Charles Blagden) was impos- 
*bieiandlhat being Ihe case, the means suggested by Cane- 
parius, (excepting Ihe dislillaiion) were the best which could 
have been employed, and seem to indicate, that he must have 
justly impuied the loss 6f blacktiest in writing ink to the decay 
of its vegelalle, and not of its ■metallk part. 

Though iwo centuiies have nearly elapsed since the publics- Modem re- 
tion of Caneparins's work, no improvement of much impor- »e«ri:lna. 
tance seems to have been sioce ii:ade in the composition of 
writing ink. Tlie late Dr. Lewis, indeed, bestowed particular d,, Ltwii. 
attention upon this subject ; and his Philosophical Commerce 
of Arts contairis some accurate, as well as judicious observa- 
tions relating to it ; especially in regard to the use o! logwood, 
with which Caneparius does not seem lo have been acquainted, 
at least as an ingredient in the com])osiCioo of ink. 

The desired blackness of colour, as well as its durability, in Inqnirics into 

. . , ... , the prnpor- 

tbis composition, depend entirely upon the proportions in which tions of iagr^ 

the vegetable colouring matter, and the oxide of iron, ave''''^"''' 
united ; though among the different recipes which have been 
publibhsd, the variations are so great is lo manifest either cul- 
pable ignorance in the authors of them, or great diversities in 
the quality of the galls, from which ihe colouring matter is 
genersDy directed to be obtained : in some of these recipes, 
R 2 equal 
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equal parts of gallf, and sulphnie of iron arc directed ; and in 
others, six times at mucli in weight of the former as o( Iba 
Ifltter. Cerminly gnlU from dijfereat species of oak, aod from 
difiereiit: countries, var^ much in their compamlive proportions 
of colouring matter ; and even among those which 
nionly calledthebest Aleppo galls, one pound of the heavy blue, 
or unperforaled galls, wili commonly prove equal lo one pound 
and one half of tlie while, from which the insect has escaped, 
and which, from their having been longer upon the tree, with 
large perforaied or open cavitie!, exposed lo the weather, and 
particularly to rati), will have saifered a considerable loss of 
colouring matter. These two sons of galls, as commonly im- 
poiied, are mixed together in nearly equal portions, and are 
then citlled j>a//i in sorti, which are to be understood as meant 
by me when the coniraiy !• not expreaseil. 

Of such galla, I think, from the tesnds of numerous expe- 
periments, that three poundn wili afford the moat suitable pro- 
portion of colouring matter, for one pound of sulphate of ironi 
when the former is Intended to be obtained exclusively from 
gallsj and when logwood is to he employed conjoinily with 
r, the galls may be dimiuished at (he rate of one half 
of tlie weight of logwood. In regard lo the proportion of 
galls to that of sulphate of iron, my opinion accords with that 
of Lewis, who found that three pounds of the former to one of 
the latter, commonly produced the best and mosl lasting 
ink. Ribaucourl, indeed, thinks two pounds of galli suB^cient 
for one of sulphate of iron, and certainly with this proportion 
au ink may be produced sufficiently black ; but not so durable. 
as it would be with a larger proportion of vegetable coloaring 
matter. 

In regard to the use of logwood, Cbaptal does not consider 
il as being capable of adding any thing to the blackness of ink, 
made with galls and sulphate of iron, in suitable proportions j" 
but be thinks that it comribute» to binder a precipilatitMi of 
the colouring matter, and that the ink, of which it is a com- 
ponrat part, is, by its use, rc'iidered more smooth, or marrow- 
iikt (moclleoK) and the black in appearance more iKrfi ; and 

that 
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that the strokes made with it by the pen are more clean. To 
tne, hovever, logwood bai always seemed to give addilioual 
body or fulness to the colour of ink, though it canoot be sup- 
posed lo render it more lasting ; for, hj many experiments, I 
have found, that neither on paper, or parchment, any more 
than on Jinen, or cotlon, or, indeed, wool, was the black re- 
Bulling from a cornbination of logwood and iron, of equal du- 
rability with ihat from galls and iron. And it may, therefore, 
be best in making ink, lo employ, as Cliaplal advises, only half 
as much in weight of logwood as of galls. He thinks, also, 
that the addition of sulphate of copper, in the proportion of 
one ounce to every fifteen ounces of galls, produces a good 
effect ; that the bluish tint which accompanies ink when first 
made, even in the most suitable proportions, (until sufficient 
ojirgene has been absorbed) will be sooner overcome by this 
addition, andthat it "''""'^oontribute to render the ink more 
lasting. 

Bat of this last effect I am very far from being convinced ; 
because it bai been fully ascertained, by eiperiments which I 
have repeatedly made, that the colouring matter of logwood 
cannot be made so durable upon either paper, wool, silk, linen, 
or cotton, when united to an o^cide of copper, 39 it is with 
that of iron; and though, 'by producing a dark Hue with 
copper, it may improve the shade of black resulting from the 
iron and galls, this blue, by fading sooner than the black which 
logwood produces with iron, (when no copper is present,) must 
leader rhe ink so much tho less durable. 1 have here supposed 
theeffect of copper to result exclusively from its anion with 
the rolouTJng matter of logwood j for with that of galls it can 
produce aeitbei blue nor black. 

(To be coalittuedj 
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Olntrvations on the fall of Slonei from Ike Air, or AeroUlet. 
By M. Mabcei. deSeibes*. 



THE phenomenon of the fall of stones is in ilaelf soBinga- 
Ur, that we ought not to be surprised, iliat although it 
had been ohaerved by a number of enlighiened menf, it should 
have been long doubted whether sucb aji e^ ent bad really taken 
place. The aiidenta, who were much more credulous than the 
moderns, have almost onivenally admitted of the fall of aero- 
lites ; but when attempts were made to account for the varioiu 
terrestrial phenomena, the eiislence of these was totally denied, 
b«cauae » wiis si^arcely possible to eiplain their foTmaiion. 
bj Albertot The first natural pliilotDphcr who, in modern times, baa dit- 
Magnnsana ^^^^^ ,],g ^^-^^^^ of aerolites, and proved (h-^lr «i.ience, U 
Albert Groot, or Albertos Magnus, whose numerous writings 
compose near twenty-two volumes in folioj. But from hij 
lime until Cbladni, that i.s to say, from the thirieenth cenlurf 
(o our time, naturalists anJ philosopherB have scarcely paid any 
attention to this pheaonmnDn, It has, however, become neces- 
sary to admit their realiiy, and since this ba* been verified, 
many writers have mentioned the great number of proofs the 
incientg have left us of their existence^. If the writers who 

I * Ann. de Ctiiniir, LXXXV. Ma. 

f Pliny ipfnk* nf slnapn Fatten from thp akien, as having txat Arm 
himedf. Egoriii tfttin ViicB>aiimumiigTii,yitliiimtedeUt»m. lA.lIt 

gul6D. 

t Albert Groot vtas bomatLanin^en, in Swabia, in tlie yen 1^05. 
He was bishnp of Katiibiut, and cultivated tbe sciences wtlb «oine 
tnccesB. His hietory of Hnimiib i? remarkable for Ibe time in wbicli 
It appeared, Ihnugh tlie main part of the work i> borrowed from Aria- , 
totle and his commciitators, especially Avicenna. 

^ Memoirra sur lea Aerolitties, par Chiadni. Jonmal dea minei,' 
lorn. XV, XXV, et XXVI. Lithologie atinosplieric par H. Izanl. 
Memoire hintoriqae et pbysique tur la chute dea pierres, par M. Bigot 
de Moragues. 

have . 
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have been occopied with this depariment of research, tnaj 
bave exhausted every I hing which relates to erodition on ihii 
subject, it apf>ear3,'at least, tbat they have been u n acq uai tiled 
with ihe various opinions which have lately been made public 
in order lo explain the formaiior of aeroliies. Several Ger- 
man writers have, in fact, adopted an hypothesis on the subject 
of these meteors, which the French natural philosophers havn 
not given an necoiint of, either because the writing) which con< 
tain this opinion*, have not coroe to (heir knowledge, or that 
the Germau language is but little cultivated. My present obser- 
VBtioni have no other object than to repair this slight omiswon i 
and in mentioning the hypothesis adm'lted by certain German 
writers, we cannot avoid referring, in some d^ree, to the work 
which M. Bigot de Morogues has recently pnblitlied on tbs 
same subject. 

We may reduce (o three principal hypotheses all those which Hypoileies to 
have been advanced, in order to explain the productio 
liies. 

and others, on the contrary, consider them as formed in our 
atmosphere; and others have been of opinion, that aerolite' 
have their origin in the earth, itui all these explanations viH 
require to be again subdivided accordingly as the formalio> of 
the aerolites are ascribed to one or other of these causes. Thus, . i- 

amoagii (he pbilosbphers who have given these itones •f extra '" . 

atmospheric origin, we find — Isi. Thai some, and a pong 'hem 
Pliny, suppose them to come from the son, fron? which he come from the 
deduces their black colour, or rather their appearance of having ' 
been burned (calore adoaio.) 

2d. Thai others, agreeitig with Chladni. considot them as ||„t tw ^re 
■mall insulated planets, or rather with M.t^grange as frag- ?'«"'«» i 
mentsof small planets. 

3. Lastly, some with the illastrioua asthor of thcMccanique .,..,_ , „ 
Celeste, are of opinion, I bey are bidies projeced Irom (be fromtlii'mnaa; 
moon, which notion has been adtfled by the jteatest part of 
the English philosophers. 

* Joiu'iialdePbyii^c deScbweJEertom, V. 

ThoH 
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Those abserren who, on ihe contrary, Lave given -in atiiios' 
pljetic origin toseroliles, have ihougiil, 

iBt. Thai ihay have been produced in our atmoapbere by the 
combustion of inflammable gases, which contain in suspension 
or iu tolulion, metallic or earthy particles. 

2d, Or ibuy have been produced in the same manner as the 
metals and earths are farmed in plants, as the experiments of 
Schradnr and Crell seem to have proved. These philosophers 
have observed, that by causing plants id vegetate in sulphur or 
chBrcoai, the metali or earths which they usually conlain. are 
also produced in ihem, under ibese circuoutances, by the act of ' 
vegetation. 

As 10 the nataral philosophers who have attributed a ler- ' 
reslrial oiigUi lo aerolites, some have admitted* that these sub- 
stances pre-esLsted in ilie- places where they were founds baying 
only bceii changed by lightning, and tbai ihoy proceeded from 
volcanue, and are a species of lava. 

The opinion which tends tu make aerolites be considered ai 
formed by new combitiatioiis supposed to take place iti tbe at- 
tiosphere, by the contact of all those bodies which evaporation 
iQiessanlly carries thither, is go little known, that it is the 011I7 
one-Q which we shall direct our observatioos. 

Tht authors of this hypothesis first made the observation, 
that thtfaii „f aerolites does not appear to take place equally 
in all le^iom ; for out of sixty-five or siity-six of these falls, 
of which tie epocha is well known, near two-lhirdi have hap- 
pened during the months of June, July, and August. And 
lastly itey pro-e still farther, that in all the winter months the 
fall of slanes is n>ich lees frequent than in 3 single month of 
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AiwliattLmp The sara. observatnn which demonstrates the infloencc of 

Mones'hsve '''^ *^'"°"* "" ''"^ *^' "f aerolites, equally applies to the diffe- 

(a!tirt, rent parts of he day ; ftr in a catali^ue made with care of all 

falls of meleoi'c stones thw have been known, seven only have 

• Tliii was tlie oijnion of tlic members of tlie Koysl Academy of 
$ci«DC», daring theniddle, aadlowuds the ead, of ttie last ccLlury. 
fallen 
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falleDbetweenmidoight and noon, and even these stones hive not 
fallen except during the more advanced hours of the ntorning— 
that is to Bay, from eight to eleven. Upon only one occasion 
this phenomenon has been obseived between the boars of eleven 
in the evening, and six in the morning, while iliere eiist proofs 
of thirty-sis fiills having occurred between noon and mid- 
night, and the greatest part took place between three in lie 
aflernoon and sun -set. 

The geographical situation of the plaoea where these stones ^oi \n what 
have as yet fallen, has noi been disregarded by thebe observers. P'^"^^" ■ ' * 
It seems to be a fact, that the number of these tneieots decrease 
■wiiii the distance of the place from the equator } for none 
have yet been seen in Sweden or Denmark, and it is only in 
the southern part of Russia (bat four have been fonuil ; and 
lastly, only six are reckoned lo have f»"en in England. On 
the contrary, the number of aerolites has been very great in 
Italy, France, and Qermany. 

The weather appears even to have a certain influence on the and in what 
faU of aerolite*, for they have never been known to lake place ^^^^ "^ *"' 
during cloudy weather, or in a heavy rain or fall-of snow, or 
with a strong wind, especially with a north, north-east, or east- 
erly wind. Out of forty-three tails, in which the weather haa 
been noticed, twenty-nine happened when it was warm and 
calm. The thirtieth and thirty- first were seen when the sky 
presented some dispersed and separated clouds. The twelve 
others were accompanied by rather violent storms and hail, 
as happened at those falls which occurred in 1103, 1249- and 
1552, The pressure of the air seems also to be diminished 
previous to and after the £U1. This was observed in 1 806 at 
A'.^is*', and at Siaonern, in Moravia, in iSOSfiand at Miur- 
Itirchen, in Bavaria, in the year iSiV, when the heaveat 
were obscured a ihort time after and before the meteor. 

* Analyiiederaerolithe tombcc^ Alais, par M. Ttieoai'di Aooale* 
de ChFmie, ana. 1B06, p. lOB. 

+ Journal de Physique de Gilbert, torn. XXIX. Analyse pat W. 
VaaquelioAnnaleidcCheiiiU, hdh. 1BU9. p, 3^1. 

t Joomal dc Fbyuqne de Gilbert, tom. XXtX. 

Aft» 
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Thfir mod* of After having described ihe circunisrsnces which accompsn 

""^"^ ihe fall of aerolitee, ihe authors of the theory we are gpeakiiigi 

proceed to their origin. Of the twenty-nine nones that bai 

fallen during calm weather, twenty of these aerolites hai 

appeared <o come out of a cloud of small ettent, but of 

rounded figure, and a black or variable colour, according to tl 

colour of the stones tliemselves ; tor instance, its colour xn 

while in the fall which wa.s observed at Bnigos, and the alon 

which came out of the ctood were while. 

A""^'."' A mist or cloud seems to be alwaysesseniial to these meteoi 

tial to till' ftll ffom wiiich proceeds the noise which accompanies or preced 

lhVL>r^'^"'"f'" of aerolites, and from which the stones IhemseWcia 

emitted. The extent of these meleors is usually not leas ibl 

from a half l^frue, to a league in diameter, a size very difTere 

from that of the stone* tNeti).,elves, of which the mass is re 

frequently of small dimenfiions. 'Ihia difference cannot I 

explained by admitting thai the vapours give this ei 

meteor ; for then ihe meteor would be composed of the roetallit 

globe, and thi- vapouta it cariieii after it, wberean the form of 

the metallic globe Is always more or less round and circuni* 

scribed. It must then be supposed, that ihe greatest part 

these globes is not composed of meiallic particles alone, wfaili 

they are passing through the air, but of inflammable particles,' 

which are consumed during liieir rapid course. 

The Imritimii ^'''' appears still farther proved by the luminous pheaomenH 

globes are not which accompany iheae meleors, for ihev are not Ihe same al 

ed bR[ lil^p- those produced by ignited melallic bodies. Tbe colour of ihs 

wise in a iiate flame is in fact white, like that of camphor or of phospbonu 

oicoiubaBlioii, 

Sec. when ignited. In theaeroliiea of Connecticut or Wesion, whli 

fell ID 1807*^, the lighl folio wed exactly the line of the exph 

was extinguished wiib each explosion, and re-appeared will 

succeeding one. If, ai some philosophers have pretended, 

light was the consequence of the ignited state of the aerolitfli; 

occasioned by its rapid fell, it would follow necessarily, that thil^L 

itale of iDcaodescence should Increase with the ticne of lb«, 
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fall ; but It li almost always tbe contrary, and several ctones 
itiai haie been observed in ihe air have been exiinguisbeil belorc 
Ihey reached the ground. The form of these meteors also 
agteef very well with this opinion", for it is not always ibe 
same ; the stone thai fell in England on the 1 8ih of August, 
1785, assumed at one time a round form, and iitnihers was 
more lengiheneJ out. The effervescence >:o rL-markabie, ibnt 
has been observed in several of these aerolites, appears to 
prove ^iili farther, ibat they have not ibe metallic consistence, 
nor that these are simple vapours wbicb surround ibe stone, 
bec.iuse the edges are always very distinct, and are not insensibly 
shaded off. in short, if contrary to all probability, the greatest 
part of this meteor were to be attributed to ibe vapours, it 
would be equally embarrassing to eiplaia thtirorigin ; since the 
aerolites are almost entirely composed of eatibf and nutallic 
pans, wbicb can hardly be convened into vapour at the icmpera- 
lure of our atmosphere. 

The aeruliiea are said lo bave generally moved in a parabolic Whrtlicr thfse 
orbit , but the angle wbicli ihe panbt.la forms with ib« boriiOQ nn""^™'"'^'" 
is not always the same. In France, ia the year I/Sfi, a atono Proof to tUe 
fell which made a bole that was nearly horizontal, and that of '^°" '^^^' 
Stannernf lormed a cavity of two feet and only two inches in 
depth. Oiher stones, like that which fell at Orleans in 1810, 
or that which was observed in Calabria in the year 1755, con- 
stantly preserve in their fall an almost perpendicular direction. 
These facts seem to indicate that besides gravity, there is some 
other force which, opposed to the direction of their weight, may 
nJodify their course. We bave a fresh proof of this in the 
ajerolite of Connecticut, which, before it was extinguished, and 
ifter having exploded three times, rebounded an equal number 
of limes upwards, and consequemly took a direction totally 
opposite to that which its weight might have caused. 

With regard to the velocity of aerolites, it appears in general neirvelocit;. 
very great ; and often equals or even surpasses that of ih« 
earth's rotation ; but in all these cases the acceleration is much 



■ S*c Uie wort of Chladni, 
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greater ihsii what would have been received from a simple fall 

Besides, according lo a great number of observations, it is quite 

nniforni, and not augmented wiili ihe lime of the passage of 

ibese stonei through the air. 

DnraUnn "^''^ duration of ihls phenomenon seems also to present great 

eteatly vaiies. »arinlions ; foi example, it varlas from a quarter of a second lo 

tome minutes ; one singular circumstance is the deep noise 

N<iise of ei- which reaembles the report of cannon, and almost alwaj! 

P'"''""- accompanies the fall of aerolites, lasted in an explosion whidi 

took place in Russia in l/S?* for four entire hours, tfaatb 

from one o'clock till five before the atones fell, It was s 

observed in 1200, before the fall of stones which took place n 

Abdona, in Italyt. >hat the clond from which the stones wert 

precipiiated as if on fire, remained visible for near two hours. 

The cTpat ^' "^^y ^^ fu'ihcr considered as a fiesh proof, that besides 

vdilcfr'^Lcw ""''' '"''^'8'"' ^^^ '* ^ P"""^' "■''''='' influences the direction of 

ilintHicynie BCroliics, on remarking the small depth iheae slones penetnte 

pri'Mi^I^ by '"" i''^'^^'"'*'- Long ago it has been observed, that if left to the 

iljfir wdgbt. action of iheir own weight, these stones ougbt to enter very 

deeply into the earth, if the moon was their point of departDie, 

and that their velocity ought to be influenced by iheit volume, 

or their mass. This, howei'er, is so far from being the case, 

that in a shower of stones, which took place 1766, in Maine, and 

Lanother in I'gO, in Gascony, there were several that fell with 

FWry little celerity, others very slowly, and others moreswiftlyj 

a short, with sucli rapidity, that they made a load 

liiistling in passing throtigh the air ; and these ditferences in 

pcity were not at all governed by theic weight. Lately, one 

ofthe stones that fell at Thouiouse in l812,of which the density 

was the same as usual, touched the earth so lightly that it 

scarcely left any impression of its ^U. Some other stones 

likewise, that fell at Ageo, bad not the force to penetrate the 

roofs an which Ibey rolled : this was also observed in the stones 

that fell in 1755 near TaborJ. 

* Journal dt Pliysique di^ Gilbert, torn. XXXI. 

t Izatn LJlbulogie Alinosfilieri(|ur. 

t History of the A«i*lites that luiKtidleD in Bohemia, by Uayer, 
DrndeD, lljOS. 
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It is not less remarkable lo observe, lliat the lavge and Bmall Tlie Inrrer 
ilonesdonot fall logetber.but attbebeginningofihecourseihe^^'^ " . 
largest are precipitated, and thej become smaller in proportinn 
31 they approjicli the other estreraily of ihelineof projection. 
This was observed in the meteor at Siannern, vhidi moved 
from east to west, and threw down the largest stores in propor- 
tion as it advanced. The Bieteor which appeared at L'Aigle* 
u)d in several other places, have exhibited the same phenomena. 

Oo eiamining ibe eohesioQ of these atmospheric stones, we TliFy are soft 
find that it i; not the same before as after their fall. A great t, 
Domber of these stones are in such a sol! stale, that lliey arc *'^''*^'- 
fVe^ently flattened oo touching the earth, which was the case 
nr'tth ihoss which fell in the years 1 ;68, 1 753, 1 808, &c. Some 
have even been seen in a state resctnbling fusion or fluidity, as 
were those which fell at Lesay, near Conslan«t- i" 1731- and 
lastly those which were picked up in Poland in the year 1 /g6l. ' 
ritil all these stones become solid, and even compact, some time 
after their fall. That soft state in which aerolites are often 
found, agrees very well with (heir shspc, ivhirb is almost always 
that of a triangle or pointed figure, rounded beneath, or of an 
oval flattened at the lower part, a form which all bodies present 
when they fall from any considerable height, and do not posseM 
great solidity. 

With regard to the temperature of aerolites when they reach Tliej are nni 
(he ground, it is seldom as low as that of the air, but mott iJJInf t^J^eta-" 
frequently approaches nearly to that of boiling water ; and thi* ""'^ *''*■ 
is lh»mo9t t)3U3l, since when they fall in a certain slate of sofi- fajlen. 
Dcss ihey adhere to little pieces of straw and other combustible 
matter, without inflaming ihem. 

Jt has been pretended, in consequence of a certain number of **""t'<'n 
aerolites having been amilyBed, that their elements are all nearly these bodies 
the same ; bat have all the parts which compose them been J|^^'^= '^jti^"* 
carefully examined ? For example, has any notice been taken of 

■ Memoir on iIie stones wliitli ftll neat L'Ai|ie,by FDurcroy ; Annates 
du Museum tl'HLH. Nator. lorn. UI. p. 101. 
) Memoirs de Liuuli, 1796. 
t Journal de Pliysi<]ae de Gilbert, ton. XXXI. 
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that brown adherent matter, rcBetnbliag a varoUEi, vbicb 
covered ibose stoiica at Betiares, as well u thoie which fell in 
1773, and which hat a;; ii in been found on thoK arrolitm, of 
which athoweriook place at Valence in JSO6? This gluey 
mailer was al^o in great quantity io ihe stones of Siannern ; 
according lo (hedescriplion given of it, it appears 10 be very 
like coom, this vitcid mailer h probably a residue of ibat, 
which in the antecedent combustion was tmt entirely ciHisQnied, 
and 10 which may he attributed the smoke these stones oflen 
emit afiei their fall, 
Some arrnliff* There are iil^o certain aerolites which appear very different 
fioiii iliu»e f""" ^^°^ whiih have hitherto been analysed j 10 this clan 
cciniiinply belong tiiose small white iionea covered with ice, which fell in 
Ru-sia"; the wliile pebbles which, in 1SJ2, made so much 
ravage near Sthituaingen, in Bavaria, and at the gales of 
Miinich|-,of which specimens ™tTe fi^r a long lime preserved, 
And lastly, the stone that fell in Ireland in 1771,: which resem- 
bled a grey silicious pebble, like tbo!ie precipitated at Burgos in 
1439,$ which wci« 10 ligbt ihat the largest of them dit] not 
weigh quiiehalfapound, thiiughihoy were as large as email 
pillows. This last fact, however Eiugular it may appear, may 
be considered as undoubted, since it depends on the iaforma- 
tion given by M. Proust. 
Thev appear "^^^ aerolites, Iherefore, appear, from all that has 
■t limts, iiiid observed, to have ho intimaie a coouection with the globes 
■tsnces iiaviDg l5re, that we may be almost assured that in ihose years ; 
the like tela- ^^| ]^ ^^, ^^ jjg^g (^ „ ^^„ g taei^on, there will also t 
tion to glol>ra ' ' ' 

of £re iiHJ one or mure showers of stooes. And so likewise as the ignite 
^ ' meteors precede or accompany earthquakes, the aeroliies alt 
coincide With ihoje great phenomena. Id fact, such ye.tra 1 
have iK'cn marked by a great number of hurricanes and otbi 
similar phenomena, have never failed as to the appearance 1 
ehowersof stones. Asa proof of this, the years I6I8, l65l 



' Jootnal de Piij^iqac dc Gilbert, tom. XXXI. 

t Ibid, tnni, XXIX. 

} Nourcau tuiKasin d'histoire natuielle, par Voi|;t, lorn. L. 

f JiiDmal dc Pbysiqni, torn, LX. 
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1654, l6fl8, 1674, 1723, 1743, 1753, 173s, 176B, 1612, fcc. 
may be menlioaed. Fo-qiientty the epocba of an earthquake 
bas exactly coincided wlih the fall of aero1i(e«, as in l6s4, 
where in ihe I?le of Funen, in the north of Germany, ihe same 
week very violent shocks of an earthquake look place, and a 
shower of meteorolites fell. The same effects have beeo felt 
in Gerrtwny aud even in Switzerland*. Thus, on the 7tli of 
November, 1742, the day on which the Iowa of Biile sustained 
so much damage in consequence of an earthquake, an aerolite 
fell at Ensisheim, which is a shun dibiance from this townf- 

We have already observed, that the principal hypotheses ad- Olijertionj 1 
vaiiced in order to explain all these phenomena, are reduced 10 (d^^ boriicB 
two fundamental positions ; one of which may be called ctwrnic, come from il 
ind the other telluric. The first has been ruosC generally 
adopted, especially that which considers aerolites as bodifa shot 
from the moon, which pass beyond ibe point where the attrac- 
tions of the earth and of the moon are in eqtiilibrio. It may 
besaid, on this subject, that, in adopting this hypothesis, not 
Ibe least attention seems to be paid 10 the difterence of weaiher, 
nor to the height of the thermometer or barometer, nor to the 
season or hour of the day in which these aerolites most fre- 
quently fall i— notwithstanding there eiists, in this respect, 
very sensible differences, which can scarcely be explained by 
adopting the theory which makes the aerolites come from 
the moon. Neither does this theory shew the relation 
which exists between the fall of these stones and the cloud 
which always accompanies their fall. This cloud, even in 
some circumstances, precedes the fall of meicorolitei, which 
proves that it is not formed by the vapoun exhaled by the 
stones, ascertain philosophers have pretended. This explana- 
tion, besides, would not be admissible, on account of the qnan- 
tity of such vapours, which ought to be in proportion to those 
proceeding from the stone itself^ and lastly, these bodies thrown 



* See the work of AI. Berlrand on the earthquake in S wi tie 1 land. 
I See the unalysia of tills aerolilp, in Uie Memoir of Fourcroy : An- 
nalei du Muieuin d'hisloire uatarellc, tom. 111. p. 1O8. 
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from the riiipon would certainly be consumed to ihe last ato 
in conaetgucnce of ilie diBtaoce tbej faave to pa&s ibrougb, 
yet the exploti'/] never lakes place but near to die earth, 
natural philosophers, who adopt ibis theory, cunsiiier iheae 
mospbericsioiiesas Java, which agrees very little with ihe i 
treiuely siipcfticini ami alight ojiidatioii of these bodie-;. The 
same theoiy asBignii no cause fur the explosions which always 
accompany the fall of aerolilea ; for, in the eruptions of our 
volcanos, they are very rarely [lerccived, or in a manner which 
is purely BCciiJunlal, The frequent, and often considerable 
irregularity of their course, the obliquity of their direction, and 
its being often nearly parallel lo the ground, and still more the 
undulatoryrisipgand falhng.or jumps of one of these stones, 
which proves a deviation contrary to that occasioned by gravity, 
are among ihc nmiiy proofs which do not allow of the lunar 
theory being coosidereU a» ihe moht probable. 

Aod, lastly, we may add, that by admitting this theory, ve 
cannot at all explain the slowness of the fall of the aerolites. 
Bodies falling from the rocon would noi arrive on ihe roofi of 
houses without penetrating tlii^m, or damaging ibem cooside- 
lably, which circumstance has never been observed to happen. 
The duration ol this phenomenon ought also to be nearly (he 
same, with the slight diifereDce which their volume or their 
weight might produi^e ; but we know that, in some instance^ 
it has lasted for several minutes % and under some circum* 
stances, undoubtedly very rare, its continuance has been foe 
entire hours. 

Besides these ditScuhies, which are of no small maguittide, 
there are likewise other pbsi.'jmena, which it would be difficult 
ta explain by ihe same the-.iry, ^nd though these phenomena 
do not absolutely belong lo ibe same species as the meieorolites, 
yet they are so intimately connected with ibem, thai tbej can 
scarcely be separated. 
J Wc might, it seems, class with the aerolites those ignited 
^ globes which are onl> distinguished from them because their 
■tiother, massesaru r.oi mciailic— but in other respects, like the atmos- 
pheric iiones, they &11 iu (lie hottest oaonths, and in calm wea- 
1.- tlier. 
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ther. They bora in tho sBtne manner, and describe their 
course with the same velocity ; and at the same lime the di- 
rection in which they approach the earth is no less variable than 
that of the nerolites. Their explosions are also nearly alike > 
indas the meieorolites, especially that of i7'2, have been c*- 
served to have a rolatinn round iheir centre,the same haa alw 
beeo remarked in the globes of fire. ^ 

Wh«i deserves ibe greatest attention is, that iTieae globes of 
Are have, like the aerolites, a rounded form, and are of a gela* 
tinous consislency. In ^cl, a glot>e of fire which fell in Indii 
in 1218, left, afier a tremendous explosion, a large round mas* 
of gelatinous mailer of considerable firmness, A grey and 
fpungy mass of the same description waa found at Cablentz, 
afier the explosion of a ball of fire*. These remarks are not 
the only ones that have been made of the same kind. Within 
a later period, masses of this description have been seen ai 
large as a man's beadf. SUbershbg relates, thai he bad even ' 
observed the residue of an ignited globe, which presented a 
gelatinous appearance, and was of a whitish colourf. 

The ignited meteors, improperly called sliooling stars do not Shootinj alan 
appear to differ from the globes we ate speaking of. And these ^J''^Vb» 
meteors, like them, leave gelatinous masses, which are errone- tlii^ ignited 
oiuly attributed to birds of prey, becaase they do not contain 
any thing which indicates an animal ori-;in. But ueithei the 
ignited globes nor the ihootiog stars, constantly leave these re- 
sidues, and [his iact must depend on their being composed of 
parti entirely combustible, which are consumed by burning 
before they reach the earth. To (his class of phenomena wq 
OMy ascribe the globe of fire, which, according to Geoffroy, 
burst in the sqoare of Quesnoy, the 4ih of January, 1717, 
and that which was observed in America in ISOO, and in the 
county of Suffolk in 1802. 



* Comment. <le rcbas in scientill natur^li et medicinS gestia, 
XXVI, part I, p. ITS. 
t JonmaldcPli^tiiae de Gilbrrt, tom. VT. 
t Tbforie der 176? 1 heobochtcten FeuerLugd, Lripaick, iTfii. 
VoL.XXXV.— No. 164. S 
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Tirioiw thow- To the gtobei of fire we may certainly join the (bowers 
Tbevremmble^'^' '^'"K wl)'*^ ''■^^s'^^t are not dislinguishabte, exCept Vy 

thefirj6lobei.their great division, wliil« in the globes llie same aobatance is 
concenlraled in a single body. A rain of this descripti 
doced grpat ravages io Germany, in llie year 823*, and but 
entire villages. Another shower of llie same nature i 
1571 in tliegrcatDucby of Heeae, and, after a terrible 
fiion, ran in the slreets, still burning, but witliout causii 
real cotnbiislion, A third shower of fire look place in 167B at 
Sachsen-Haufent, and the inflammable matter burned for half 
an hour in the streets before it was extinguished. Lastly, ibal 
which fell on the town of Brunswick (Braunschweig) was 
so violent, that at the beginning the elTorts were ineSectual that 
were made Io extinguish it by waterj. 

(7b It Eoncluded.) 



Report upon a Memoir 0/ M. Benard, relaling to the phyiii 
and chemical Properties nf the different rays which comps 
the solar Light. By Messrs. Bkrthollet, Chaptai,, at 
BioT, by Commhsion from the A alional Institute of Pmiice.- 

Introduciion, TSJT BERTHOLLET, M. Chaptai, and myself, hairii 
J-vJL • been charged lo examine a memoir recently preseoli 
by M. Bernrd on the physical and chemical prc^rties of ti 
diflerent rays which compose the solar light, we Dow pr< 
to give an account of the same to the class. 
Wheiher calo- The question has long been disputed among philosophers ai 
^e samef ^ chemists, whether caloric and light he modifications of one ai 
the same principle, or esBeolially different from each oibe 
Many systems have been made, io favour of each of these fa] 



* Donncrnder Wetterboall. Kurnbcrg. 
t Journal de Gilbert, toiiuXXX. 
i IbiJ. loni. XXIX. 
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polheses ; but the ontjr nieatii of deciding niiJ^t consist \a 
carefully ascerraining by experiment, and precisely fining ihe 
properties easeiiiially altaelied localoric and light, connecting 
iliem in such points as afford resemblance, and opposing thein ^ 

in such a* differ, sua*, at length, to ascertain whether the same ^H 

principle, always coiislant in its tiamre, but acting dilferenlly 4H 

upon our senses, and upon difftrenl bodies, may be capable of - ^ 

producing all ihe variety of effects we observe. The a Hen I ion Hiatnrvoffor- 
ol several cliemisls and eminent philosophers has been directed ""^ "iqnirie*. 
to (his research. Thus, Marioiie discovered Ihe obscure caloric 
radiating in the manner of light, and reBected in the same 
manner by metallic mirrors ; result's which have been since con- 
firmed by the esperimenls of Scheele and Piciet. M. Lcalio ^ 
and Count Rurnlbrd have parllciilarly studied ihe influence ^^t 
which the nature of diiferent substances, and stale of tlieir ^^| 
surfaces, enables them to exercise on the radiation of calorit; ^H 
when it enters bodies, or escapes from them. And lastly, ^H 
M. PruvoBt.of Geneva, has compttihendec] nil (he phenomena ^M 
of radiating caloric in an ingenious theory, which, if considered ~^^| 
only asasystemaiicdisposiiioo (as the author hi[iig6)fdoes)ennbles ^H 
us to collect the phenomena under the same point of view, and ^B 
connect the same by laws. Very lately M. Dclaroche has added Ra,ij|,n, \,^^ 
to these results a new fact, which seems, in a certain respect, piisscs iinougii 

. ,. , 1 , . . i. I . g'ass belter 

to indicate a gradual and progressive transition between caloric tjje higher tlic 

and light. It is, ihal the rays of obscure caloric pass with diffi-* 'einperatuie. 
culty through glass when they issue from a body of a tempera- 
ture below that of boiling water, but penetrate it more easily, 
and with a facility alwaysincreasing accordingly ss (he tempera- 
ture of the radiating body is more elevated, and approaches 
more nearly 10 thd state in which it become? luminous. So 
that if we consider these experiments only, the moditicalion, 
whatever it may be, which it is necessary to impress on the ob- 
scure rays, to put lliem more and more into a state to pass 
through the glass, bringi them also nearer and nearer to the 
stale in which ihey most be to penetrate out eyes, and produce 
the sensation of vision. M. Delarocbe has found likewise, that p of calo- 
ihc rayi of light, which have already passed through a first ric whicbbMe 
S 3 gUte 
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plate of glass, are proportionally more capable of penel 
a second ; which establishes a new piopf of the particular stale 
in wbicb tliege rayi subsist, as well as the modification ibey 
acquire. The results here mentioned relate to the motioin ol' 
caloric; but its chemical action has aldo been studied in com- 
Obicurebfit parison with .that of light, MM. Gay Lussac and Theaaid 
dTecttUie die- have proved, that all the changes of colour produced by ligbt, 
may be imiiaied and effected bj obscure heat, and by 
rature not exceeding 100" ot the cenieijmal thermotneX 
Other phenojiicaa before observed were in proof tb 
coiiipariw.:i of liieeiFects of caloricand lighcas tu ralsiag ibe 
tempeiature of bodies, or li> i>roduce chemical change>, agreat 
difference must be odmiiitd between the influences of the 
rays of uiSerent colours. In lact, M. Rocbon had announced 
that the heal produced Uy ili. diiFerejii lays of the same spec- 
trum are not equal. M. Herscliel afterwards found that th« 
calorific laculiy incieasei progressively from the violet to the 
tedj and he h^E even fixed tbe maiimum beyond the red,-^ 
that, according to his experiraenis, the moat calorific rays are 
entirely, or almost totally, deprived of the faculty of enlighten- 
ing. MM. Wollaslon, Hitter, and Sccliinann, having likewise 
examined the other extremity of ihe spectrum, namely, tbat 
which alTords the sensation of violet, have discovered, that thii 
extremity also possesses peculiar properties, and that there exists 
beyond the violet, rays quite invisible, which, more than all 
the other rays of tbe specitum, possess the faculty of deter- 
mining chemical combinaiions. But the eiperimenls.of Hers- 
chel, though confirmed by several philosophers, have been 
questioned by oibers, not less skilfiil, particularly M. Leslie. 
It became, therefore, of imporiauce to remove every doubt 
respecting these uncertainties. It was equally interesting to 
know whether these iovisible rays, or nearly so, which lie be- 
yond ihe limhs of tbe spectrum, might, nevertheless, posseM* 
(ome of the properties of light: for example, wherher rcflecvi 
tionfrara polished glasses could impress upon tliem that peci]li 
modification, which M.Malus bas denoted by the name 
f olarisation. M. Berthollet engaged MM. Malus and 
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)o uiuJertalie thii double eoquiry. Tiie premature Jealb which 
bas deprived lis of our colleBgiic, has also deprived us of the 
great information which he would, no doiibt, have obtained oa 
this subject ; as he has already shewn Ui his excellent disco- 
veries on other parts of optica. Bui in this respect, al least, 
the researches he had comraenceJ or projected have not been 
lost. M. Berard has pursued them with great care; and hav- 
ing lerminaied them wiih all possible accuracy, he has presented 
you with the resulls. 

With regard (o apparatus, M. Berard has had great advantage Hrlioitat naei 
beyond the philosophers wh» have preceded bina in his re- l'^ (? ™ 
ifiarches. He made use of the helioslal which Malus bad txptvioienii. 
caused to be constructed for the philosophical cabinet of M, 
Berthollet, and by means of this instrument he obtained a solar 
ray perfectly fixed, upon which he could operate at pleasure. 
By decomposing this ray of light with a prism, he obtained »jna[i(inie„ 
coloured spectrum, which was motionless ; and by placing very itpectriiiD. 
delicate thermometers in (he spaces occupied by ihe different 
colours, lie was enabled to compare their calorific properliei 
wiih the greatest ceriainty. He determined their chemical pro- 
perties by placing, instead of the thermometers, such chemical 
compounds as were readily susceptible of alteration. 

He first enamined the caIori6c qualities of the different rays ; jj^g maximum 
ihey are known to be unequal. M, Rochon, who first observed of ratliaiii heat 
this inequality, placed the maximum of heat in 'he yellow irpme red, bnt 
rays, where the properly of enlightiiing is also the strongest. ""^ btyond it 
M, Hecschel lixed it outside the spectrum, beyond the ex- 
treme red rays. The experiraenis of M. Berard have confirmed 
those of Herschd relative to the progressive augmentation of 
the calorific quality from the violet to the red ; biit he found 
tbemaiimnm of the heat althe extremity of the spectrum itself, 
and not beyond it. He fixes it at the point where the ball of 
bis thermometer was still entirely covered with the red ray (, 
and he saw that the temperature was gradhally less and less, as 
the ball of the rhermometer was removed into the obscurity, 
Lastly, bv placing the ball of the thermometer entirely out of 
the lisible flpectmro, at the place where M. Hericbcl ha» fixed f^f^^^^ ^^00. 

Ibe 
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he foiin'l it the maximam of heat, the eievalion of tcmperaWre above th« 
Be^rXa-l^l pf "»= »>i"°'"^i^^S ajr, «as only one-fifth of what it was In tb« 
luip hejt wBs (itreme red rays. The ahtolute intensity of heal produced 
was also less in ilie experimenis of Berard, than tliore of Hei*** 
chel. Do these differences depend on tiie material of ihfl 
pri»n:s and diversiiy of ihe apparatuses, or on some other phy-_ 
sieal circumslance, inherent ip the phpnotpanqn inelf ? " 
this we cannot decide. 

M. Beranl was desirous of knowing wliether ibesp propertie*, 
obtained separately in each of the pepcils into v <uch i 
light is divided when it traverses a rhomboid of Iceland crystal* 
fie pa^iied a beam of solar light throngh a priijin formed of .1^ 
piece of the same kintl of crystal. Each of ihese two spW" 
irums piesented the same properties. In both of them thft 
calorilic properly was gradually less from the violet to the red, 
ijnd it Btill subiisled tJc^-onJ the limits of the visible ray^, 
Consequently, whether this faculty ^e iulierc 
rays theniielves, ot be foreign to them, it is divided along witfc 
them when they are separated by the crystal. 

« operations, the luminous raya ace polarized 1 
the CTystal. Do the obscure calorific rays undergo a simiJn 

In order to determine this, M. Berard received the i 
ray on a polished and transparent glass, which polarized partol 
Ihcni by reflection. Thij refiecied ray was afterwards rcceivf^ 
on a second glass, fixL-J on an apparatqs which allowed it to 1 
turned round the ray with a constant incidence, and lastlyi it 
incidence wes itself ao determined, that in a cenqin position o 
the glass, the reflecilon feased to take place. We km 
the eKppriiiienis of Malus, ihqt a glass can a)waya be (o di^j 
posed as to answer this condjiion. This hping effected, I^ 
Berard received ihe calorific and lumia^tasray.t after the lefleo^ 
tioii from a second glass upoa a (concave) mirror, and by i^ 
reeling thpm upon a thermometer, be found that when thf 
rtfieeiion iqok place, the thermDnneier rose, and o 
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Bbo in consequence of the position of the second glass, the ligte 
pajKd through without leOectioD, the heat was tiassmilfed 
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the same linK, and the lliermomeler did Dot rise. So that in 
Ibis experiment, as well as the preceding, the calorific prin- 
ciple, whatever it may be, accompanies the luminous panicles, 
and is never separated rmm them. 

Instead of the beam of solar light employed in this experi- Caloric raJia- 
nient, M. Berard subBtiluied a pencil of radiating caloric tody not liimi- 
emilied from a very hot body, but either scarcely red, or totally "o"*! "ui po- 

' larizeJ. 
obicnre. The effect was the same as before. The tbermome- 

ler rose when ihesecond glass was in a position which would 
bave enabled it to reflect light ; but when this reflection wa» 
not possible, the temperature continued lo be llie same as 
the surrounding air. Hence it is proved, that the invi;ible 
particles which compose the rays of obscure calorie are modi- 
fied by reflection precisely like the panicles which compose 
light. 

After having studied the talorlfic properties of the diflerent chpmical pro- 
rays of ihe spectrum, M. Berard has attended lo their chemical periiesof ray* 

,,., . i_. ,., at the violet 

propenies. It is known, that when ttie muriate of silver, or extremity of 

the other white salts of silver, areejiposed tP light, ihey becoioe *'" 'P^'™""- 
blackened in a very short time. Gum guaiacnm, thus exposed 
to light, passes from yellow to green, as has been observed by 
Dr. WoilastoD ; and lastly, Messrs. Gay Lussac and Tbenard 
have shewn us a chemical action still more prompt and energetic ; 
for, by eitposing to a ray of solar light a mixture of hydrogen 
gas and osigenated muriatic acid in equal volumes, a detonation 
instantly follows, of which the product is water and muriatic 
acid combined together. These several phenomena have served 
M- Berard as reagents to examine and put in evidence the che- 
mical powers of the different rays of the spectrum ; for, by 
pulling into the spaces occupied by the different colours small 
pieces of card impregnated with muriate of silver, or small 
phials filled with a mixture of the two gases, he was enabled lo 
jodge of the energy of the cause by the intensity and rapidity 
of the chemical changes produced in the Bobstances so exposed 
to the different rays. In ibis manner he ascertained, that the 
ehemical properties are, in fact, the most intense towards the ■ 
TtoleC extremity of the ipectrum, and thai they extend, ai 
[. . M. Rittei 
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M. Bitli-TBndDr, WolUton had announced, a »mall disUnce 
beyond ibal eKiremiiy. And fariher, by leaving the sabslaDCCs 
exposed Tor a certain lime lo the action of eacb ray, which ilie 
immobiliiy of his spectrum en.ibled hitn lo do, be succeeded in 
observing neniible cfTecia, though of an in'ensiiy coniinually 
decreeing, in the indigo and blue rays , whence we may con- 
sider it ast e»ttet»ely probable, that if he could have employed 
re-igents still more sensible, he might have seen effects of ibe 
same description, though more feeble even in ibe other rays. To 
shew clearly ihe extreme disproportion which exists in this 
respect inr the energies of the difiereDt rays, M. Berard cod- 
centrated by a lens, all that part of the spectrum which extend* 
■rom the green lo Ihe extreme violet, and he collected In the 
unie manner by another len*, ell that portion wbich exlendt 
from the green i.> beyond the extremity of the red. Tliis last 
beim was united in a wjiiio epot, of which the eye could 
scarcely stipport the brilliancy j but nevertheless the muriate of 
silver remained exposed for more than two hours, to this strong 
light, witlioDt any sensible alteration. On the comrarji by 
eiposing ii to the other beam, of which the light was ranch less 
vivid, and the heat less strong, it became blackened in less than 
ten minutes. M. Berard concludes from this experiment, that 
the chemical effects produced by light are not owing to ths 
beat alone, which it developes in bodies by combioirig with 
their substance ; because on this supposition the faculty of pro- 
dncing chemical combinations ought, it should seem, to be 
Stronger in the rays which have the greatest power of producing 
heai. But we may, perhaps, find less difficulty in these two 
(uanners of contemplating the subject, if we pay atlentiou to 
\? diversity of results, which maybe produced by the same 
%'hplaced in different eircumstances, and also that agents of 
■ "4f!e totally dissimilar, may nevertheless determine combioa- 
tioa^^rfectty identical when they are used. 
Th!^^''"'' **•' '^ ''"= abstract of the principal facts which M. Berard ,, 
rters, •>a» fcuablished in his memoir. To great accuracy he bat J 

joinj a most meihodical expositioD. He has preseDtsd the 
P'^J'fcal fi operties of the differeat rays, as the results of an 
" ciperimental 
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eiperimental reaenrch, of which lie forboars lo seek t! e cau^e 
by hypolhesis ;■ and he has constantly reslricled hun^^elf lo 
terms sutficii.-nti)' general to allow of their being applied equally, 
whether ihe properties desciibed may belong lo principles of a 
uaiuie really ditFerent and combined witti light, or whether 
ibey may simply arise from original difference! between the 
particles of one identical principle, which, according lo the 
varioui circumstances of mass or velocity, or both united, might 
become capable of producing chemical combination, vision, or 
hear. 

Without undertaking lo decide between two opinions, wliich Tliev discna* 
both of them go beyond ihc conclusions afforded by the observed i'^J"™'j^^, 
facts, we may nevertheless consider ibeir respeciive probabilities be liirce kirn 
and compare the number of hy pot hews necessary ia each of (dp^'doving 
them to represent Ihe number of facts. If o-o consider the solar ""reeilieliDC 
I. , . 1- 1 ■ 1 I properties. 

light as composed of ibree distinct substances, of wbicb the one 

produces visible light, ihe other heat, and the third effects 
chemical com biiw I ions, it must be also admitted that each of 
these aiibstaiices must be separable by the prism, in an infinity 
of different modificaiions like light itself, becnuse wc find by 
tbe experiments, that each of these three principles, whether 
cbemical, illuminating, orcalurific, is diffuied, though not in like 
piroportions, over the whole of the spectrum. So that we must 
conceive in this hypothesis, that there exists as it were three '^pec- 
Ira ms superposed one upon the other ; namely, a caloiilic spec* 
trum, a chemical spectrum, and a luminons ipectrum. We must 
likewise admit that each of the substances which compose the 
Uirce Epectrums, and even each of tbe particles of unequal 
refrangibility, which compose these substances, are endued, like 
tbe particles of visible light, with the property of being polariz- 
ed by reflection, of afterwards eluding the reflecting energy in 
the same positions as the luminous particles, ice. N'ow instead of 
ibis complication of ideas, let us simply conceive, agreeably to 
the phenomena, that light is composed of a collection of rays 
unequally refiraogibie, and consequently unequally attracted by 
bodies ; which supposes original differences in their masses, 

their velocitiei, or their affinities. Why shotild these raya, Reasons "hj 

'we snoolQ 
which 
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which differ insomnii}' olher respect", prodDce upon ihermo* 
tne'ers siid upon our tirgans, llie fame sensations of heal and of 
l.ght } Why should ibey possess the same enL-rgy to form or to 
disunite combinations! Woold it not be more ci 
iiaiutnl effects, that vision should not be operated in 
exo.-pc under certain limits of reftangibility, and that a 
of Ibis quality, either loo moch or loo little, should render iba 
rays alike un&t to produce the effect. These ray i may Bperhaps, 
be visible toother eyes than our^i and may probably bcsoevea- 
10 certain animaU, and then the marvellous in their vision would 'ii 
disapiiear, or rather it would indicate a fact m the general mode 
ofaclion of light. In a word, we may conceive the calorific 
(juality and ihat of chemical power, to vary through the whole 
extent of the spectrum at the same time as the refrangibiliiy, 
bill according to JiffL-rent functions ; so that the caloritic quality 
shall be at its minimum at ibo vioJci ciiremiiy of ibe speclrara, 
and at its maximum at the red extremity ; while on the contrary, 
the ehcmical faculty being expressed by another function, 
would be at \is minimtim ol llie ted e&lremiiy, and ai^qnire ill 
maximum nl the violet extremity or a little beyond it. This single 
(upposiiJon, -which Is only the expression of the most simple of 
ibe phenomena, equally satisfies all facts antecedently observed, 
and it moreover gives a reason for those which M,Berard faas 
established, and even aniicipales them. In fact, if all the rayi 
which produce these three cla<isea of phenomena be light, it must 
follow that these phenomena will be subject to the law of 
polarity In its passing through Iceland crystal, or in being 
leilected from a poliahedglass at a deierminaie incidence; and 
when the rays shall h.ive received these modifications, it numt 
follow, that they will be reflected from another glass, if duly 
placed for the exercise of its reHeciing force upon light ; and on 
the contrary.when this force is nothing with regard to the visibia 
luminous particles, the invisible light will not oe reflected j for 
the same cause^ which occasions reflection to take place or not, 
appears to be exerted on all the rays whatever be their rclrangi- 
bility, and consetioenlly it must act upon the invisible rays ; the 
condition of visibility or invi^bilitybeing-Tdalire to 001 eyes,Bn<l 
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not uniTersally to the nature of the particles themselves, which 
produce our sensations, fiut though this manner of Tegarding 
the facts appe-drs to us tlie most oatural and eiraple, we cannot 
but approve the wise reserve of M. Beratd, by which he has 
governed his writing, and has avoided any decided coni;lusionB 
upon qaestions, respecting which experiment has not yet 
afforded any deiermioate results. 

The class has attended wiib pleasure to the detail of these Recmmeada- 
interesting eiperiments. when they were presented by the ^i^^^ 
author, on that day in which he shared with M. Delaioche the 
price, proposed for ihespecilic heats of the gases. We submit 
to (lie class, that ihey slioold confirm by their approbalioa this 
new and valuable work, and we consider the same as very 
worthy t)f being printed in the collection of MemoiresdesSavans 

(Signed) BERTHOLLET, 

CHAPTAL AND BIOT, Commiwaries. 



On tin Theories of Ihe Excitement of Galvanic EUclricily ; hy 
William Hbnrv, M.D. F. R. S. ttfc*. 



SEVERAL theories have been framed to account for the 
origin of the electricity, which is eiccited by ihe Galvanic 
pile, and by similar arrangemenls. Of these, the first in the 
order of time was proposed by the distinguished phiiosopber-|- to 
whom we are indebted for some of the earliest, and iherefotff 
the most difficult, steps in this dspartmenl of science. The Experiment ot 
hypothesis was suggested by a fnct, which may be considered, ':™y^ " ' 
iadeed, as fundamental to it. Jt had been observed by Mr* ^'^i^trilied b; 
fieuuet, so long ago as the year 17H8, and afterwards confirmed 
by Volta himself, that electricity is excited by the simple appo- 

f Manctiesler Memoirs, II. N. Ser. SS3. 
■ f SipiOT Valla, in Nichalwtfs Joniml, 8vd. u 135( 
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siiicmof ^iflferentkindiof metals. The best way of exhibliii 
(biffact ia ta take two dUcB or p^alet. (he one of copper, 
other of zinc ; to apply thsni lo e.ich oilier, for an inslaot, bj^ 
their 63t faces, and afterwards, auparating them dexteroasly, t6 
bring them into contact with Ihe electromeier. The insir 
ment iodicalR!, by the divergence of it> gold leaves, what kii 
ol'electricity each of the plate» baa acquired; which provea 
be positive in the zinc plale, and o^ative in the copper one. 
Vollaiuppawd To explain the phenomena, in the experiment which t 
ID be SCI in ^fo just described, it has been supposed by Volia, that, dorii 
'™°'j^" V ""the contact o|" the pbies, a movement of the electric fluid take* 
place from one plate to (he other; and that the aloe actinirel 
just as much as the copper has lost, The metals, iherefora, bi 
dennminates motor) of electricity, and the process itself tlectro- 
molion, the lattei of which terms has been adopted by Mr. 
Davy. From subsequent eiperimeou, Volra ascertained that 
the metah stand lo each other, in this respect, in the foliowing 
order ; il being understood that the first gives up electricity to 
the second j (he second to the third; the third lo the fourth ; 






Silver, 
Ct^jper, 
IroD, 



d 



Hiitlieory His to tbii transference of electricity, that Volta asi^ibes 

Hf't'he'^iK' whole of the phenomena, exhibited by Galvanic combinalioni* 
' ■ " ■ According to his view, the interposed fluids act entirely by iheif 
power of conducting electricity, and not at all by any chemical 
property. The effect of a series of Galvanic plates, or of A 
Galvanic pile, he believes to be nothing more than the suoi 
total of the eSacts of several similar couples or pairs. Why tba 
evolved electricity is determined to one end of the series, and 
exists there in its greatest force, I shall attempt to explain by 
the following 11 lust rations. 
If a plate of zinc be brought iala contact, on both snlei, widi 
a plate 



and the fluids 
doctors . 
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a pl.ile of copper, it may be considered as flcled upon, in Alternate 
opposite directions, by equal forces, which de&lroy each olber. ^nj coppers- 
No flliernlion. therefore, lakes place in lis stale of electricity ; "onld pro- 
i\OT dbes any change happen, even when we subslilnte, for oDe cieclru'inotioa 
of [he copper plates, a third melal; on account of the irifling ''"^^*'''?''^ 
difference between the electromotive powers of bodies of this pl^ie nf Oiiiil 
class. But liquids, possessing this power in only a very small "j^J,^pl^j,,,^ *' 
degree, may be brought into contact with one of the zinc each pair, tli? 
surfaces, wilhout impairing the electromotive eflect ; and acUng pu«er of thu 
merely .is conductors, they convey the excited electricity from "^* *^^ ^* 
the zinc plate, across the conliguoas cell, to the next copper produce eli'c 

Let at imagine, iben, a series of copper .ind zinc plates, ^nd eacli pair 
* "^ , would h«Teit» 

arranged m pairs for. acy number of repetitions ) (See the ftill energy. 
Diagram in pl^te 5. fig. 3,} with cell* between each pair for the Namerical 
purpose of containing a fluid. Before Ihese cells are filled, every '^,^,1™^'',^.!,]^ 
copper plate will, according to the hypothesis, be in the State of reference to a 
negative, and every zinc plate in that of positive electricity. I«t " 
us farther suppose ihe natural (juanlity of ekciricily in each 
coppcraod zinc plate, before they are brought into apposition, 
to be denoted by ^, and that, when the electricity has passed 
from (he copper to the zinc, the ratio of the quantities in each 
may be as 1 : m*. Let now the cells be filled with a conduct- 
ing fluid j every pair of contiguous plates of copper and zinc 
will still maintain their relative prir^ortions of electricity, viz. as 
1 :m. But, by reason of the conducting power of ihe fluid, 
the electricities of the first sine and second copper plates will be 
equalized ) as, in succession, will be also those of the line 
ptalG 2, and copper plate 3, &c. Now in order to find the 
relative quantities of electricity in the several pairs of plates, 
when an equilibrium in the arrangement is eHecled, if n equal 
tke number of pairs of plates, Iben 2 n g = tite total quantity 
of electricity in all of them taken together. Let x =: the 
quantity of electricity in the first copper plate of the teriei ; 

' For thcalgebriucal cxpreisioa of this theory, wtiicli, io llie puptr 
u otiginilty rend, I liud stated in tommoa numhcra, I am iadebtL'J to 
uy frknd Mr. Ualton. - 
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ihen by bypoiheaii, mx =s that of ibe contigiiou* oc first zinc, 
plate ; aUoni f ^ the quBDliiy in tbe second copper plate (I 

reason of the conducting fluid ;) l*"' 1 : m : : 'nr : m'x = Owr 
qaantity in the second ainc pltie. In like manner ihe qnantilie* 
in the luccessire txipper and zinc plates may be found, and will 
coiiGtitnlc this series ; 

12 3 4 1 

Copper plateSj x, mx, vi^x, n'x, &c mi'-' 

Zioc plates, uu, 7n*x, m'x, m*x, &c mx" 

Hence it appears that the quamitiea of electricity in llie 
c successive plates of capper or of zinc form a gtometrital pro- 
gression, the ratio of which is m. Also the toial quantities ol 
electricity in the successive pairs of plates form a aeries in 
geopietrical progression, as under. 

Pairs of pi. I I 2 ] 3 ( 



Quant, of El, 1 + m-*|w I +«■* 



J&c. 



bat Hcarcely 



» 



From the above theory of Galvanic action il necessarily 

follows, ihaC if the effect of a pile be in proportion to th« 

difference in the eleclricilies ol" the first and last plates of th» 

series, a pile of 50 pairs will not be enautty h?lf so energetic av 

one of 100 pairs, bnt somewhat less ; because the differences in' 

the tcrmsufageomt'itical heiies increase as the terms increase. 

But, in lb' present instance, there is great reason toapprehend 

that the ratio of 1 to m is very nearly that of equality. If so, 

th^geoinet.-ical series lor a moder.iEe number of terms, will 

differing lr"m icarcely differ from nn arithmetic.il one. This accords very 

mi ariibniiti- , . . ^ . . , 

ral oM. nearly with espcnenee ; for \l has been deiennined by 

Volta, that if a combinaliou of 20 pairs of plates prodoce- 

a given effect o.i ilie elec'romeler, a .leties of 40 will 

produce double the effect i one of 60 triple, and to on. At 

the same tin,e it is prob^ible that the electric ioteosily of the- 

plates, corD[<otiDg eath pair, relatively to one another, continues 

unaltered, notwithstanding the chacga in their absolutfr 

quantities of electricity, 

ion When a connection is established between the two extremities 

ntral (jf g series Nice the above, for example between tiie third zinc 

plate, az its coiitiguoug cell, aad the first copper plate, the- 

opposile 



Explaa 
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opposite electricities tend 10 an cquilibriuni. Tlie lliird pair 
loses a sbare of its eleclriciiy, wlilcli is gnintfd by (be first > and 
tbe intermediate pair, being placed between oppoiiie futces of 
perhaps equal amount, remain; in eijuilibrio. Hence, in every 
galvanic arrangement, tbere must be a pair of pinies, at or near 
the centre in the natural stale of electridiy. A cnmraunlca- A pilpcoiiv 
tion lietween liie two exlremilies of a pile would iberefore re- ""L'-|"J."'ff^ 
duce it to a statcof permiinenl inaclion, if there did not still by its eloriro- 
exist some cause, capable of disturbing the eqiiilibrinm. On 
tbe hypothesis of Volia, Iliis can be nothing else than the pro- 
perly of electro motion in the metallic plates, which bas been 
described as tbe primary cause of all ihe phenomei'ia. 

This theory, on first view, appears sufBcieniiy to explain llie jn iliis iWory 
facts on electrical principles, without the interference "f =t>e- [.j|^y"|^^*(''"' 
mical action, Consislenlly with ibe hvpotliCTis, different fluids, thvir conduct- 
when made parts of Voltaic artdiigeni(--nis, |irodiice effects'"''''"**"' 
more or less energetic, as they are more or less active in con- 
ducting electricity j the only property, according to Volta, lliat 
can be considered as influencing their efficiency iB the pile. 
There are several facii, however, which, if not absolutely irre- 
concilable with ibe hypothesis, are certainly not at all esplained 
by it. Why, for instance. It may be asked, when pure water 
forma a part of the airaiigemeni, is the action of the pile sus- 
pended by placing it in an exhausted rcceiver,or in any of those 
gases ibat are incapable of supporting oxidation '; Why '* i's i, , , ■ 
efficiency increased by an atmosphere of oxigEn gas, or by ad- not a^rcc idili 
ding to tbe water in the cells several fluids in a proportion not ""^ '^*'^''-. 
sutBcieut to cbouge materially its conducting power ? Why 
is tbe nitric acid, though a worse condiictDr of electricity , 
than the sulphuric, more active in promoting the energy 
of the apparatus ? Why is the powe7 of these combina- 
tbns proportional to the disposition of one of the metals 
composing ihem to be oxidized by the interposed fluid ? These The fliiiibope. 
facts undoubtedly suggest that, in some way or other, the che- ".''^ '">' '''^' 
roical agency of the fluids employed is essential to tbe sustained 
activity of the pile. The principle has even been conceded by 
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some di^iinguiahei] «leclriciflt», who have attempted to explain' 
it in (tiflereni ways. 
<:nilil.prison-. To account for lliq effeciof I be interposed Buid*. Mr. Co*--' 
Ibedrriro- berlson has suggested a ihcory which is both ingenrofls 
i^ittd"liv (Vp s'^^'^'^'b' '^^''''Is*- Wiih Voltahe aasuroea the electromo- 
eiiKoae of Oi>- tive change in the meiak i«be the first in the order of ph 

" raeiia. And when (he observes) lUe copper hna given, and the' 

zinc has received, all ihe eleciricity, which their mutual powcn' 
requite, if any lueiiitroum be presented, which is capable of 
efiecting a change in ihe meiallic properly of ihe 
3 change in iheir electrical siaies must, at llie same lime, hap- 
pen. Bill as the alreraiion of metallic propeny is only 
ficial, ihe change of cleclrici] condition will also be only at the 
siirracej nnd ihe int«rior part of the zinc plale, 
properly «( r.sniance, ihe electric fluid, evolved at 
will ilEcessarily be propelled forwards, ibroogb the 
to the next copper pisie of the series. This, however, can only 
happen in a progressive manner, because the fli 
perfect conilticlor, a condiilou indispensable lo ibe maintenance 
of any galvanic inlensiiy. i 
Ditficiilty. '^^^ explanation of Ml. Cuibberlson is, onqoeilioDably, t 

valuable supplement (o ihe theory of Vol la, inaunuch as it 
lakes into account the efficiency of chemical menstrua. These, 
consistently with l)i5 view, will evolve electricity the more 
freely, in proportion as they deslfoy more rapidly the metallic 
property of the plates of zinc, Tlie hypothesis, howerer, a 
defective, because it fails to account for iome of ibe pbeoo- 
mena ; — why, for example, the action of Ihe mengtruum is 
chiefly, if not entirely, exerted in otLliiizing and diisdving die 
zinc plates J and why the evoiulion of hydrogen gas, m of 
nitrous gas, occurs chiefly at the copper surfaces, 
Faljroni'a hy- An hypothesis, originally suggested by Fabroni, and reversiBg 
poOiesis, that (hose which have been already staled, has been adopted by 
cxidstHm 

nnuivilie elec- several eminent philosophers in oar own country. It assuinc* 
tricity ihe oxidation of the metals composing galvanic arrangemcDa 
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\o b2 the cause, and not tbe efftct, at llie evoluUod of eleclri- 
tit^. In the sotution of a metal (it Has beeti Obtefv^d by Dr: 
"WollasiDn*,) it would appear, (hat electrkJtj \i evo\ve6 by tbe 
action Df tlie acid upon the metal ; and, in cases i*here b^dro* 
gen h disengaged, that this erolulion h required to Convert (hi 
hydrogen into gas. Wlien a piece of zinc and another of sil- 
ver, are immersed in very dilute sulphuric acid, the zioc is dit- 
solved, and yields hydrogen gai ; the silver, having no power 
of decomposing water, is not acted upon. But as soon as tbb 
two metlls, placed under tliB diluted acid, are made to touch, 
Iiydrogeo gas arises also from ihe surface of the silver. In this 
esse, ii is added, we have no reawn to suppose that the coJiiat;t 
of the silver imparls any new power; b^t merely that it servea 
as a conductor of elecificfty, and thereby occasions 'he forma- 
tion of hydrogen gas. 

The chemical theory of the galvflWc , pile; though already i,^_ BostticK'i 
suggested in general terras, may be considered, bo*ever, as theory, ria, 
having been a mere outline, till Dr. Bostoek unJettook to gife 
it greater distinctness and consistency*. To tbe emended hy- 
pothesis which he has proposed, it is necessary to admit, as a 
ground-work, the three following postulates : Ifitly, thauhe i,«iciBti»n li- 
electric fluid is always liberated or eenerated, when a metal Or Iwrates 'l«i^- 

■^ ° tncuy, 

other osidizable substance unites with osigrn ; 2dly, that •''c ^j^j^ii j^^.^ 

electric fluid has a strong attraction for hydrogen; and 3dly, '■H'nca united 
that when the electric fluid, in passing along a chain of con- ,. ,|^ 
ductors, leaves an oiiidizable substance, to be conveyed through and a cnniey 
water, it combines with hydrogen, from *bich it isSgaln dis- j'?' ''J' . '° 
engaged when it returns to the OKidizable conductor. contlucMr. 

To the etficiency of the pile, two circomslsnces, it i^ob- ExpIanatiOni 
served by Dr. Bostock, are essential ; that the electric fluid be 
disengaged ) and that it be confined and carried forward in 
one ditection, soaitobeconcenlralt-dat iheend of tbe appa- 
ratus. The firs, object is fulfilled by the oxidiieroent of the 
sine J the secund. Dr. Bosloek supposes, \s effected by tlie 
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untoDot the evolved eleclrioily wiihnatcent hydrogen, aaJ I 

the adraeiiDii of the nexl copper pljie for electriciiy. At tl 
•urface of this plate, the hydrogeo and electricity are Buppose^ 
toti-i'.iiace i tbi. hyilrugeu lo be disengaged iti (be state of gal, 
andiheelociricii* to be conveyed onwards to the neitt zioc 
plate. Hae. being, in Borae degree, accumulated, it is extrt 
cated ia larger quanilty, and in a more conceatrated form, tbail 
before, ily a repeniioa of the nacne train of operations, the 
elrctricfluid lon'inuesto^ccumolaw in each successive pair;' 
until, by a snlificieDt exteiiriiJiiot lUe arrangement, it may, be 
made to exist Bl the zinc ernl of I'lepileio any assignable de- 
gree of force. 
r.impHriion The hvpoibcais Dl' Dr. Bostock agrees, then, with tbat ad- 
CJnibliertwn^ vanced by Mr. Cuth^iL-f ;od, in pointing oat the more oxidiible 
tlieory. metal a^ the warce -C die electricity, which is put in action by 

galvanic arrangements. It goes farther, bnwever, and defines 
thai change, whu h Mr. Ciithbertson was satisfied with te 
ing, in general language, " a loss of metallic property," to be 
the process of oxidation ; and it adds, also, the important and 
necessary explanation of the transmission of hydrogen acrosf 
the fluid jf the cells, and the appearance of hydrogen gas at 
the iurlaceof the copper plates. In these respects, it is cer- 
ObjedioBS. tainly more adequate to account for the phenomen.i. It it 
chiefly ol>jei:tim:abIe, inasmuch as the data on which it ia 
founded are aliogeiher gratuitous. For what other evidence 
have we, than those very phenomena of the pile, which the 
theory is brought In ejiplain, that electricity is evolved by the 
oxidation of metals, or that hydrogen is capable of forming, 
with the electric fluid, a combination so liiile energeiic as to 
be destroyed by the mere approach of a condncling body ? Tba 
theory is imperfect, also, ui taking do account of that change 
in the relative qoantily of electricity in two metallic plalesj 
which, according to the observalions of Bennett and Volta, 
must neoesaarily happen when their surfaces are put in apposi- 
tion*. 
■ Beiictjiissetnu tohavepiVTed, by a most acite and iDgeniom 
_ taverhDcnl, in liii " Electro- clieniicml Prineiptca,' publi«lied in oar 

The 
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The discoveries of Mr. Davy, respecling the cbemicp] Davy's ihcoij 
agencies of the electric fluid, liave led btm to a \heoty of Ibe 
Galvanic pile, iniended to reconcilK, in (ome degree, (be 
hypolliesis of Voltrt wiih that of ihe philosopliers of our own 
country. Il is admitted, by this acuti; reasoner, that llie action that the rhemi- 
of the menstruum, contained in the cells, is absolutely estenlial '° Ifve^a'^tnttB* ■ 
the activity of Galvanic arrangements ; and that the twocircuni- 
stances even bear a pfoportion to each other. Not withstanding 
this concession, ha i a disposed to consider the movement of 
electricity which take* place oa ibe contact of iwo nieinls, as but the el. '^ 
I .-,,,... , ... , , uf ronlactil 

Ibe cause originally disturbing the equilibnum j and loe theiintinater. 

chemical changes as secondary, and chiefly as ellicient in resto- 
ring the balance. 

For example, JD a pile of copper, zinc and solntion of EKsmpK Tlie 
mnriale of soda, in its condition of eleclricMl aciiviiy, ihe com ^uf r^j,., „r 
municating plates of copper end zinc are in oppinile elctlrical 'i'L' [inntyin 
stales. And solution of muriale of soda being Compraed of two am\ iliu phy 
seties of elements, possessing contrary electrical energies, the "'■'"'"'t;'*^re 
regntivG oxygen and acid are attracted by Ihe zinc, and iliccDusidtration. 
posltise hydrogen and alkali by the copper. An equilibTiiim is 
lhu« produced, but only for an instant; for muriate of zinc ia 
formed and hydrogen is disengaged. The positive energy of 
the line platen, and the negative energy of the copper ones, are 
consequently again exerted; and thus the process of i^lcciro- 
rnotion continues, as long as the chemical changes are capable 
of being carried on. 

The most obvious objection, which presents itself againal ibe OHjectioiw. 
theory of Mr. Davy, is, that if the chemical agents forming part 
of a Galvanic arrangement, be merely efiectnal in restoring I lie 
elecliic eqtiilibrium, DO adequate source is assigned ut that 
eleciticiiy which gives energy to Ibe apparatos. In other 
words we perceive, in such a process, nothing tnore ilian a 
constant disturbance of the balance of electricity by the action 
of the plates, and an immediate renewal of it by (he agency of 
the chemical fluids. Accoiding to the hypelhesis, Ihe prodac- 
Jonvnal, XXXIV, 1Gl,lhatoxiUatian of theiinc ia Ihepile ii not Ihe 
rum^ OC the rifrtticfty and its diccetion. 

.. ■ ' T2 iloQ 
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lion and Rnnihilation of Calvinic ene'gy are canieA on 
circle, leaving unexplained that immense evolution of electricil 
which is manifested by the most sinking effecii 
occasioning (he combustioa of bodies, and in disuniting the 
lefraclory compounds. 

On the whole, the eleclromotive power of the plates, am 
chemical agency of the interposed fluids, appear to be the 
clTOT.c'a'l^ "■* circum»lances, that can be brought to explain the effii 
B^niry of tlie the Galvanic pile. To decide which is to be considered as the 

^™^^_'""' cause, and which a» Ibe effect, h a difficuliy not peculi 

this ea«e, bot common to every other, where two evenia, tbUi 
are invariably connected, are not dislinguisbed by 
able interval of time. The most defensible « 
subject, however, seems to me to be that which atinbuies 
primary exciiement of electricity to the chemical changes. Bot 
it may be questioned wbedu-r i ho whole of the eSecc arlsm 
from the oxidizemenl of the more oxidable metal j and 
wbetfaer it is not essential to the activity of the pile thai one at 
least of the elements of Ihe interposed fluids should be incapa- 
ble o( entering into union with tlie negative metal. For 
example, in a pile composed of zinc, copper, and solution of 
muriate of soda, the oxygen of the water and the muriatic acid, 
both of which are negative ai to their electrical stale, ate 
nttracted br the zinc, and have their dectricities destroyed. 
Rut the hydrogen and alkali, having do affinity for coppef, 
except what arises from a dil^Fence of electrical habitude, 
deposit upon that metal a part of their electricity. Tbo 
electromotive power of these plates now becomes efBcient, and 
determines the current to one end of the apparatus, in the 
already described in a former part of this essay, 
decom- Another series of Galvanic phenomena, the explanation of 
ami which is attended with some ditficully, are the decompositions 
that take place in imperfect conductors, forming an interrupted 
circuit between the two extremities of the arrangement. When 
two wires, for example, which are inserted into the opposite 
ends of a tube containing distilled water, are connected with 
theextremitieiof the pile, the positive wiRf if of an oxidable 
~ " ' metal,* 




metal, becomes oxidized, but if of a non-oxidable 
oxygen gas is evolved from it, whilst, in bolb cases, a sin 
hydrogen gas proceeds from the negative wire. Why, i 



may Why are the 



, thus disunited, arrange ^i 






_ tramfcrtrf? 



be asked, do the eh 

ibemaekes at a disiance from each other ? If the particle of '"""■ 
water, which has been decomposed, be imagined to have been in 
contact wiib Ifaeestremity of the positive wire, the hydrogen 
must have been Iranamiited in an invisible slate (o the negative 
wire : but if the decomposed water were in contact with the 
negative pole, then the oxygen must have passed imperceptibly 
10 the positive wire. 

These appearances have been explained by Dr. Bostock on InvisiMe 
the same hypoiheiis, by which he has accounted for the phi 
mena of the pile. The electric fluid, he imagines, enter* the 
water by the positive wire, and is there instramental either in 
- oxidizing the metal or in forming oxygen gas, hi either case, 
ibe decomposition of the water must furnish hydrogen, which, 
uniting with the electric fluid, is carried invisibly to the negative 
pole, the attraction of which for electricity again occaeienB ths 
l^ration of hydrogen, and its appearance in a gaseous state. 
This theory, however, i« liable to some objections, 

1. It explains the decomposition of those bodies only, which Kemark; on 
contain hydrogen as one of their elements. And tbongh it has 
been ably contended by Mr, Sylvester, that the presence ot 
water is, in every case, essential to Galvanic decompositions, 
yet the fact does not appear to be sufficieolly established. Even 
if it were verifitd, the agency ot moisture might be supposed to 
consist in its giving that peculiar inlenrupled transmission, on 
which the efficacy of Galvanic electricity in disuniting tlie 
elements of bodies seems much to depend, 

2. If the postulate of Dr, Bostock be granted, that electricity 
is. evolved by oxidation, we shall be eaiiited to assume the 
reverse as equally true, viz. that electricity is absorb^l wbea 
oxygen passes <• (he state of gas. In cases, where the positive 
wire is of aq oxidable metal, the phenomena accord sufficiently 
wilb the theory ; for by itsoxidation, electricity may be suppoa- 
•d to be liberated, aiid to form the required combination with 

hydrogen. 
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hydrogen. Bat when ihe positive wire is of a noo-oxidabllj 
meial, oxygen gasis 6\»enpiged j and in ibe prodacliun of t 
gas llio eiettrrc fluid migljt be expeeied lo acl, instead of b 
employed in carrying hydrogen lo tIjc negative wire. 

The same class of phenomena has been explained by I 
Davy's flieory D*vy on a different theory. According to his vi 
lion^bjF ihe" which are capable of entering into chemical 
piif, Origiuol invariably in nnposiie electrical stales, oxyeen for example, 
HDci mheniii 
iliBDosiiion of Degauve and hydrogen posiiive. From the knov 

,'7'°i electrical utiraciion and repulsion, it will follow that oxygl 
tnc plaifs ' will be attracted by poiiiiive and repelled by negative surfaces, 
puss to the *"*' '''^ contrary proL-esa will happen with respect to hydrogen, 
"yPJ^'i^ P"l»* It is easy then to conceive that these opposite attractions may 
produLD ihe decora posi lion oi water. To explain the locomo- 
tion of iU L'leraenls, wo m.^y imagine a chain of particles of water, 
I extending from the point P lo the point N, fig-, a, and con- 

siBiIng each of an atom of oxygen united loan atom of hydrogen. 
Infig. 2, (he combinalion is represented aa undisturhed, and 
the chain is consisiiiig of six atoms of water. But when iho 
Biitaclive force of the point P for oxygen, and N for hydrogen, 
begin 10 act, an atom of oxygen and another of hydrogen are 
removed, as shewn by fig. 3, and new combinations happen 
between the reniainiiig atoms ; the second of oxygen uniting 
with the first of hydrogen, and so on. The lerminaiiiig atoms 
being supposed lo be removed, a new change will follow simite 
lu Ihe firel, .^iid ibus the process wdl continue lo be carried ( 
nni only when the chain of particles is a short on< 
it exieud* to a very considerable length. 
This doctrine The theory of Mr. Davy, which 1 have thus attempted I 
theerneraliia" ''l'^*'''*'^' derives probability from iis being founded o\ 
lionofolwert- properly of bodies (their different electrical energies) ' 
appears to be established experimenially, as far at least as es' 
mem tan be applied to so delicate a subject. Ir has the ad 
tage also of explaining a number of facts, chiefly arising o 
his own Tesea-cheB, which scarcely admit of being broagi 
underany former generalization. Thus the invisible transfiij 
ence of an element to a considerable distance, even tbroi^ 
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floids Laving a strong aifiuity for it, (of sulphuric a«id for 
eiample through liquid ammonia) which is inexplicable on any 
antecedent tbeoiy. h sufficiently explained by this. The 
ingenious speculaiion of Dr. Bostock limited \he carryii^g 
jower of electricity to iis action on hydrogen, a detect not 
iiGpuiable id him, but to the stale of the iscieiics nt the lime 
nhen he wrute. Since that period, the discoveries of Mr. 
Davy have been unfolded by a train of experiment and induction 
which is probably not surpasied by any thing in the history of 
the physical sciences, and which will form a durable monumeat 
of the genius and industry of their author. 
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Inqiikiea concerning the mutual Decomp-xition of solul'le and 
msoluhle Sails. By M. Dolonq*. 

THE phenomena of the mulnal decomposition of neutral Kcrpnanni 
sails, so imporlanl in their application to analysis, and hioHec'tive "' 
for their connexion with the general theory of chemical affi-' 
nicies, have been tlie object of research by a great number of 
celebrated chemists, since the lime when Beigmann inferred, 
that the double decompositions which had been observed before 
his lime, ate dependent upon the same principle as those which 
take place when an insulated base or acid are combined ; a fact 
been long before known. The theory which he presents, in 
his dissertation on the affinities, appears so natural, that not 
the slighteBt doubt arises of his accuracy. Consequently all 
the works which have appeared for the following twenty years 
on this subject, appear to have been undertaken with a view 
to extend this theory, rather than to conlirm it by new expeii-- 
meota. A great number of anomalies, which were observed 
by difiinent chetnisU, were met by more or less complicated 

^B * Preaeatcd lo the National Institute of France, and iaserleil in 
H> the Ann. de Ch. LXXXU, iTS. 
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explanations, frcquentl}' very iDganioiit, but tliey did not ope- 
rate to render the truth of a principle suspected, wliich had 
I>iji{aT<>Tir< been considered a<i trret^oeably establi'hed. M, Berthollet, by 

bratcd chemist of Upial bad founded bis doctrine, soaa disco- 
vered tbat tiiey woald adtnil of another ioierpretatinn, and 
bis learned researches have led him to an explanation of the 
pbcDomeitoii of tbe mutual decoinposiiion of the neutral salts, 
which ii DO less simple than ihe first, bur has this immense ad- 
vantage beyond it, of predicting, without exception, all the 
pbepotnena froiji 3 mere knowledge of one of the most inta- 
resiing properties of these bodies. 
TTieiowlnlHe Chemistry, therefore, leaves nothing further to be desired 
>ioib(/D dii|j vi'l) regard Ip the decern posit) op of ihc sails to which the 
atleni^dfo. principle or M, Berthollet is applicable; namely, relative m 
)he soluble sails. But the inaoiuWc salu are also susceplibl* 
of exchanging their principles with a great number of the 
soluble salii. This class of phenomena, though almost as ou- 
meiaiis as that which exclUNively embraces the soluble salts, 
and capable of affurdiiig new resouroes to analyaie, has not yet 
been examined in a general manner. 
Fonrcrijy's There is certainly to be found in the system of clieroislry of. 

P?"^'""""' '" Jtf. Fourcroy, a yery cKiensive table of the mutual decompcM 
(iiions of salts, which comprehends a considerable nnmfaer of ' 
cases of the kind in question. But I am induced to believe, 
thai such decomposiiions asdo uot relaie lo the: lioluble salts, 
have not been ascertaineil by observation, but only anticipated 
according lo the iliitory adupied by this illusirioas chemist. It 
may hfl maintained, in support of ibis ^"sertion, that no memoif 
has been published upon this subject, gnd that a great number 
1>l facts are contained in these lab et, which arc not confirmed 
by observation, and others whtdi are evidently inipossihlcl 
for Bx:*pnple*, we there bnd that the fljate ot baryies is dei'i^na 
posed by ihemuriaie of soda or pola-ib, nnd ibat the result t* 
(hemutiateot barytes, an I the fluate of soda or putaah. The 

• Toin-lV, p.':iT. 
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aotliot.doea nblpointunder what tircuitislances llils dtcompo- 
pltion can take place ; but as, in order to verify ii, water must 
necestarily be used, ibe ituaie of soda, and ibe nniriaie of ba- 
rytes being boih nearly equally soluble, ihey would immedi' 
diately reproduce ihe Iwo priiitilive salts, without leaving any 
traces of iheir decomposition. In another place*, tbe aulbor 
caodudes, tbal because ihe phosphoric acid decomposes all the 
«ulphile4, it must, by consequence, follow, (hat all llie phos- 
phates can decompose ibetn. 

1 shall confine myself to ihe mention of these two passa^a, Tlictc table*' 
because it will be huflicietil lo look ihroijgh ibese tables, in ot- cJinnotrd ''v 
der lo be soon convinced, that a large part of the facts ihey ''"'"-■ i""!"'- 
contain, have not been a^ceriaincd by direct ob'>ervations ; and imuinbie f.iru, 
it must also be remarked, that the iheory according to whicli 
ihey have been predicted, is ealciilaied to lead is'errors, in this 
instance, more than In -nj- ulliqr. 

I'he action of the soluble carbonnles on the insoluble salts, CbeoiistBhaTB 

wlticb appears at first to belong to this class of phenomena, i3 l''"'"^^'* '". 
'^' tbeetiFctot 

tbe only one that has fined ilie nttentibii of cfiernisls. It basfwUibit carbn- 
pertainly been long since known, that the carbonates of ptftash' JJ^'^J^ iTltr""*' 
and of soda will decompose a great number of insoluble salts ; 
and this properly has frequenily been employed to great advan- 
vantage in analysis. But the theory of these decompOsitibrts, 
■which, in Iha opinion of Bergm.inn, appears so salisfactol'y,' 
can no longer be supported, since the fohdamenia! principles 
of its doctrine have been discovered to be incorrect, and the" 
mutual deconiposiiion of salts, in particular, lias been ptovect 
Jo belong to a law that is indepetident of tbe dilferent degrees 
of affinity of their principal coristituents. ' 

Having had an opportunity, in some particular i-esearches, He«Brciirs of 
to observe a considerably extensive number of facts relating H^e a"'l'oi'.'>e- 
lo the mutual decomposition of Ihesoluble and insoluble sails, ibi, jaatob- 
J endeavoured lo determine the general cause of these pbeno- J'''^'" '"" 

mena, and the method of foreseeing their results without being 
pbhged to retain, by an eKbrt of memory, of whitA few per- 

* Ton. IV, f. 1B« 
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UMM would l>e capable, of all the dlrcciub&ervBtioDB ^bicbwool 
be recinitiie lo ascertain them. The counidi: rations which hai 
led ISC toasoluLion of tills problem, being a coDiinualion 
lbetb«0(/of the decorapoiiiions of the insoluble lalts by t 
Bolubk- cnrboDamt, 1 nball begin by iubmiiiin^ lo the judgmui 
of (be Claaa, the remits of my inquiries upon ihat subject. 

Concerning the aclion of the soluble Cartonales on ihi tnsolul 
Sails. 
l>ccD«]p<»i- If y/e exaniae all the analyses which have been made dtirii 
iiivuliiuWt"* the last tweolj years, it will be seen that a great number i 
■ultubvoarbo- jusoluble salts bare been decomposed, eillier by the carbonab 
alkali. ofpotaah, or by the carbonate of soda. I myielf have i 

taineJ by direct experiments, the decouipo^iiion of a gres 
ouniber i.( .r.oae which had not been examined with thai *iew ; 
and it msy be, merer.-o, concluded from a well-founded 
ni:(ltirlion. analogy, that all llie insoluble sails may bedeconifiosed bj- the 
eilD are jo two carbonates I have mentioned. Some chemists have named 
rfeconpoiabie. ^^ gjcepiions (o thii rule, the phosphaie of lime and the flualo 
of liie same base ; but I am convinced that this latter when free 
from silex, is decomposed like all the others. And so likewise 
is ibe phosphate of lime : except that it offers a peculiarity 
which 1 shall notice, and which may have misled those who 
have denied the possibility of its being decomposed. But the 
soluble carbonates present, in iheir reaction on the insoluble 
salts, phenomena which belong lo no other kind of salts, and 
bnve not yel been observed ; these are the phenomena I intend 
to describe, 

Carbonste of ExpeTimfit A. A solution of 15 grammes of carbonate of 

polaih ilprom- . . - . • ■ 

poscdiulphate potash m 500 grammes of water, together wnb 15 grammes of 

of baijiet 1 sulphale of baryles reduced to an impalpable powder, was kept 
but the whole boilica for several hours. It formed a certain quantity of 
carbonnte did " , , . ^ 

not act. carbonate of barytes ; and as tbe liquor when filtered still pro- 

duced a strong effervesceuce with the acids, it was boiled a 
Mcond time with a fresh quantity of snlpbale of barjtes j but 
though (he boiling was coatirtued for a length of time, it did 
not form any more of the cvbonate of barjtes. 

' Hie 





The carbonale of aoda comported ilself prtciiely in ihe sama r»vbMiatr nf 

™^""*'^- same flTeet. 

Similar M peri menu were made "with the pho^phsles of Tlie cailw-, "*' 
bsiytes, airontisii, lie oxalaie of lime, Stc. a mow or lens "^O"" "np'^|',,"'^f^ 
siderable pari of ihe insoluble sail was consranily iransformed ■'liieririjolnhle 
into a carbonale of the same base j bui on teaching a <*ftain',g„^,, „„^p. 
limit, the decomposiiioci aloppetl, althmigh there rstniiined qwueci. 
somelimes a very inconsiderable qaaniily of the soluble carbonate 
not decomposed. 

Since tbe neutral carbonates when at iha temperature of 
ebullition, retain a much greater qnantiiy of carbonic aCid than 
agrees with the mutual exchange of tlieir principles with ihe 
insoluble salts,* it may be supposed Ihai, io Ihe preceding 
experiments the action of the carbonales was limiied frn™ '''i' 
cause; and in order to ilelerniin* ''» i.itiuence. these same 
eipcrimenfa were repeated ; but instead of the saturatwl 
carbonates, the fused sub-carbonaies were sub«tituled. 

The same phenomena occored, ihat is to say, a porlion of iho 
insoluble salt was always decomposed, bill the decomposition 
slopped at a certain period, though the sub-carbonate of po'ash 
or of soda, were still in theliquid. 

I am convinced by comparative eiperimeati, which it would 
be uwlesa to relate, that the different degrees of concentration 
of the solution, produce but very slight variations in the resuhn 
ofthisdecomposition. 

Experiment B. After remaining a long time in a slate of 
ebullition, with a considerable excess of sulphate of barytes, a 
aoluilon of the sub -carbonate of potash, which cousequently 
would no longer have any actiou upoi] this salt, to the filtered 
liquor was added a small quanlity of caustic potash, merely 
coGlainiog the traces of carbonic acid, and it was then again 
boiled with a new portion of sulphate of barytes, Afier an 
hour of ebullition, Ibe residne contained a considerable quantity 
of carbonate of barytes : as care had been taken to add a great 
eicete of gnlpbate of barytes, it is evident that the solution 

* Meni-4'Arci)ul, lorn. Sl,p, 174> 
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Mniiiiil Jr- toiiid no lunger act upon iliti «alt ; nevertheless it contained a 
of ibir jiifulu- lolefably large portion of ibe carbonate of potash rot decompos- 
L>hiiic»iral t^ Upon freih fjoaotitiei of alkali being successively added, 
and at each addition the above mentioned operation repeated. 
e»ch lime ihe carbonate of barytes was produceJ, but by 
degrees in smaller qoaJititiea. After four operations of the same 
deictiplioD, there still remained a small portion of carbonic acid 
in the liquid. 

Tlie sub-carbonate of soda, and pure soda presented (lie 
Mme phenomena. 

Ai the lub-carbonates of potash and of soda comported them- 
lelves in the manner with regard to all the insoluble salts, I con- 
sidered it to no purpose to subject the others lo this proof. 

Ti.,. result of the preceding facts is, that the sub -carbonates 
□f potash and sou- c-.^ — .ver be entirely decomposed by anjr 
iiitoluble salt. Some comparative eKpeilnicnts maile -with 
several of these salts and the sub-carbonate of pola&b, have 
proved to me that llie relation between the quanlily of carbonic 
acid which is precipilaled, and that of (be same acid which . 
remains in the liquid when the equilibrium is established, is not ', 
the same with regard lo the salts formed of the tame acid and > 
of diSereal bases, but that it varies from eacb kind of insoluble 
sail. It remained to be determined, whetiier, with respect to 
the same insoluble salt, this relation would be (he same with 
the sub-carbonate of potash, as ulth the sub-carbonate of soda> 
and (o ascertain this (be following experiment wat made i 

EipmmevlC. I took lO grammes of the suli-carbonate of 
potash dry, and 7 660 grammes of lbs sub-carbonaie of soda, 
also dry j quantities which ought each lo contain 30^ grammei 
of carbonic acid' : these were separately dissolved in 2SO 



L 



* Tfae propur-tUuis of :?iirbaiik acid a<1niill«d by M. Berard in Ibe 
f utj-carlionaie of potasli sad of >oda, appears 10 1h' loo weak, especi- 
ally in tlie \aUer, i grammes of Ihe sub -carbon ate of dry ?o(ia precipi- 
iBted^y Ihenitrite ofbarytes, produerd 7'4S5 grammei of carbsnate 
of bqrytes. Now arimhling «ilh M. Berj!fliiis, that 100 parts of the 
luller salt Runuin Sl-e of acid, (and this prupoition mnst be too weak] 
il infouud llial in {.nil parta of lh« sub'Caiboaate of soda, tbrre are 
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gjTanimea of water, and each solution was kept ia a slate of Mnflial dp- 
ebullition for two hours oil eighl grammes of the svilpl>t(e *>f ^?fIj;,"Li"Z- 
barytes. On analysing the two residues it was discovered that ble neutral 
the subcarbonaif: of potash had produced 2'185 grammes of ' 
carbonate of barytes, while the sob-carbonate of sod» had only 
yielded r833 gramroej. This experiment was twice repeated, 
and (he results did not gensibly differ, Thus two quantities 
of the sub-carbonate of soda, and of potash which contain the 
same chemical mass in their base, decompose the quantities of 
sulphate of barytes Which are between them, nearly in the 
relation of6to5. I shall soon reiorn to the consideration of 
the consequences that may be deduced from this result, 

Since ihe soluble sub-carfaonates can no longer produce the 
decomposition of an insoluble salt, when by the eflect of this 
decomposition, the acid of this salt is found in » twrraln rela- 
tion wiih the acid or baiw "f '*•■; oUli-carbonaie which ia not 
decomposed, ii becomes probable, that by artificially going 
beyond this limit ; inverse phenomena will be produced ; 
whicb, in tact, (he followinf exptfrimem has fully confirmed. 

Erperimenl. D. Seven grammes of chrystallised neutral sulphate 
of potash, and six grammes of the dry sub-carbonate of pot- 
ash, were dissolved in 250 grammes of water. This mixed 
Bolution was boiled with the sulphate of barytes, and after 
several hours of ebullition this latter salt gave not the slighLest 
indication of decomposition. The filtered liquid placed in the 
same circumstances with the carbonate of barytes produced 
a considerable quantity of the sulphate of barytes; and heated t 

afresh by the carbonate of barytes, no decomposition took 
place, although it still contamed sulphuric acid. 

In a similar espetimeat' made with 15 grammes of the 
crystallised sulphate of soda and six grammes of the tub-car- 
bonate of soda, the sulphate of barytes was not attached, while 
the carbonate of barytes was converted into a sulphate, ai fat 

40'09 of carlionic acid and ;9'9l of tbe baae. I found by tlw same -; 

BieBDB that ItK) parts of Ihe diy iiub-oarbunate of potoidi coataiu i of 
acid Se-J-O i of pota^ 6*-3<l. 
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I longer any 

ulphaie of sodi 
dperfecily neuiral. roacieil likewise upon the carbo- 
naie ol baryten, and produced on one part sulphate ot* baryies, 
*[id on ilw otber, ilieaub-carbunate of poia>h or of soda, which i 
remahted in solution tugethei with ibe portion of the Eulphale 
wbicli resisied the decomposition, 

A coiLiparalive experiitjent wai made on these two sai^ ■ 
similar to eiperiment C, 

Expirintenl E. I'wcnty granmieB of crystallised sulpbale 
cf sod^, gnd (00 graniniei ufiulphateof polaib, also crystallisedf 
were ceparaiely dissolved in 230 graniiiiei of water: andeach so- 
lution remained in ebullition during two hours, together wiih 
SO grBn..„^o .-^ oarbonata of baryles. The sulphate soda produced 
10 i;o grammea of suipij-i„ „f bnrvies. and the sulphat? of 
poiashi §'6^0. The quantities of the solpbaic ot t,ucia and of 
the stilphale of potash uied io this esperlraent were calculated 
according lo Iheanalysij of M. Borard, and piich one ought 
to contain 4"433 grammes of real sulphuric acid; now ilie 
sulphate of soda lost S'^Sl grammes which combined with 
the batyles, and only lQ'g4g grammes remained in the liquid. 
The sulphate of potash only precipitated 3-lBB grammes, and 
consequently, ought lo yet velaio V245, whence it follows that 
the relation between the quantities of Kulphurate acid relained 
by the potash and the soda, tinder these circumstances, differ- 
very little from the qaantiiie of the salphate of barylei, de- 
composed by the sub-cnrbonaiLa of the same basis, f Experi- 
ment. C.J 

The leraction of the insoluble- carbonates and soluble laitt, 
of which the acida can form with the basis of these caiboDates 
insoluble Balls, U equally general with that of the soJnbte 
carbonates on the insoluble salts. I have verllied th» fact by 
direct experiments on a great part ol the known salts whidi 
unite ibeK coDdiiioDs, and the following table contains tha 
results. 
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m 


Caibonale of barj'tes . 


Csrhonate 
of siii^iitian. 


cotnpDsi Lions ■ 

Carbouate of Carbonate of "f/'^„" 1 

lime. lead. 'X^X^^ 1 


Sulpliaieof Ptxaali,,. 

Sulpharsof soda 

Su)pba;eof lime 

Sulphaiu of ammonia. 
Sulphate of raagneaia. 
PhoBpbatecf soda.... , 
Phosphate ot ammonia 

Sulphite of potash 

Snlphiteof soda 

Sulphite of araoiouia.. 
Phosphite of potash. . 
Phoaph.ie of soda . ., 
Phosphite of ammonia 

Borate of soda 

Arsenisieof jK-tn.i... , 
Arseoiate of soda. . . . 
Oxalate of potash. . . . 
Oxalate of amiuoiiia,, 

Fluateof soda 

Chromaleof potash.. 


Id. 
IJ. 
Id. 
Id. 
Id. 

W. ■ 
■Id. 
H. 
Id. 
Id. 
Id. 
Id. 
Id. 

it 

Id. 
Id. 
Id. 
Id. 

Id. 


0. 
0, 

0. 

Id. 

Id, 

Id: , 


m 
m 

^1 


Id! 
Id. 
Id, 
Id. 
Id.- _ 




Id.' 
Id. 
Id, 
Id. 
M. 
Id, 


•^^^M 

..^^^^1 
'^^^^^H 

^^^^M 
'^^^^H 

,. ^^H 


Note. Tbia table does net comprebeod ihc eaithy and metal- ^^^^^^^^^^| 


'lie salts which have constantly an excess of acid, becanse ibeir ^^^^^^^^| 


decomposition may be easily foiese«u. MM.Ihenard and ^^^^^^^^H 


Road have had an opportunity of particularly obsei-vir^g i( in- ^^^^^^^^^^H 


alum, in ihcir interesting work upon moidanti, (Annalea ^^^^^^^^^^| 


de Lnemies, tome LAXIV, p. 279. 
Before I proceed 10 the coQSeque 


ces that be deduced. ^^^^^^^^^^H 


from ilie observations noted in ibis table, I shall make lome re- ^^^^^^^^^^^| 


^^^^^^^^^^^1 


All those salts which cave amtiaonia as their base, are com-' ^^^^^^^^^^^| 


pletely decomposed by the insoluble carbonates found in ihe ^^^^^^^^^^H 


samecolumti, the new insoluble salt replaces the carbonats ^^^^^^^^^^| 




diseogaged as it is formed ; so that if a sufficient qaautily <^. '^^^^^^^^| 


in<;oluble carbonate be added, nothing will remain in sola- ^^^^^^^^H 


When ^^^^^H 



WITUaL DECOUPOSITIOM. 



uf I he intioli 
Mr Jirutral 



Wheo the soluble salt has ao insoltibte base, ihu decompt 

- sUioii tloei not meet with any obstacle, but coiiiii 
liquid COD la ins nothing more in solution . Tbe retulit of ibpl 
experiment vary slightly accotding lo the nature of the 
Ilia «iilt made use of. If it be a salt of which the base it limpj 
or magnesia, in proportion as llie acid forms with the base 6 
the insoluble carbonate a aalt which is prccipiiated, the lin 
precipitated also in a state of carbonaie* 

If the base be metallic it sitmost always forms a salt with J 
excels of onide, which being inioluhli; is prt-cipiiaied. 



All these deco 
sf.niL-oneof tho: 
rdjicd Ihem, i 
prf«enied by thos 



esaentially from 
carbonic ai 



mpositions belong, with regard lo theory, toJ 
je which are already ktiown ; aud I have onlyl 
n order to particularise the cliataciers which are! 

which are acted upon by the salts, which liaTe 
citash and soda. 

1 ot llie u«.,. „„ the insoloble carbonates diflers 
c of ihi' preceding. A small •jumii'itr of 
I always disengaged at the cummencL-mcnt <..f 
the aperaiion, but it soon ceases, ihougli the tlfcompuhitiun 
continues to make progress. No sjli of this class is entirely 
dccanip[»ei] by any carbonaie. The quanli!)' of the in<riiu6le 
iialt which is formed, is more or less considerable, according to 
the nature of the soluble salt and intiolable carbnnHle which is 
used ; but when thi: reaction \% no lor^gcr possible, there alwavs 
rcmahis a portion of the acid of the soluble sail in the liquid 
aloog with the greater part of the caibouic iicid of the decoin- 
pcsed carbonate, 

(Tb be continued.) 

* Vbea tlie sillphatc of mHgneria ie dcrainposrd b; an iaioliible 
larbonali', if a suSincnt quantity uf llie latter be not mtplc)y('i), llw 
fliuil,. ptfter Uie operilinn, thCWs ii^n.t nt' atcatinil v, anil it inaybp 'tip. 
- ^oit:A ibit by tlinasepirating.aiiartioii of the ?oJpliui'ic ac,d Ironi tde 
magiiebja, tbc result would be a salt wiHi an flcchs af tlic hatt. fut 
tJiis phenoniFiion iltpcnds upon tilt lub-ciiiliomit iif matni-'EJa bi fn|; 
Boluhle ill a tolntion'Of the ralphate of (!ie sbjiip ba=f. Tliii profiert; 
fiimislies a very conveDicnl mtfliod of freciui; the solpbate of mug. 
nnia from the inSucuce of the iron and maagauese wtiieli it eoo- 

„ ,„.' A Memuir 




SPECIFIC HBAT OF GASBS. 



A Memoir on the Specific Heal of Ihe Gases. By Mesin. F. 
Delaboche anrfBBBAHDi To iv hick the prize propoted /j 
the Class of Miilhtmalics and Natural Philosophy of the 
Imtitute of France, proposed in IBIJ, has leen awarded. 
Alstracted ly the Authors. 

TTN [be origioal memoir, of which we here give a detailed Arcnn^ts of 
-"- extraci, we have given an account of the labours of H>osc anS'^li'^to'ry of 
who have preceded ua in the queslion ■>*■ 'he specific heat of previous re- 
the gaaes. This pad uf our work not being susceptible of ana- 
lyses, we must refer ti> it, and only remark, that, notwith* 
Stan ling the labours of Crawford, Lavosier, and Laplace, 
Gay Lussac, and other philosophers, we were not in'^siession 
of accurate intbrmation on this subject, when our memoir was 
laid before the Institute*. We shall, therefore, without farther 
prefiice, slate the results of onreipcriments, all of which were 
made in the laboratory of M. fienholkl, at Arcueil, and the 
processes we liave followed \a making them. 



Sectioh I. 



Account of the Processes foliowtd in making our tnvettigaiion. ~ ^ 

1. Description of the calorimeter. — The intention of our en- Description r>f 
quiry was to determine the specific heat of the gases, according * caiwrimeter. 
to the import commonly attached lo these words ; that is to say, 
to determine how much caloric is required to elevate each from 
3 given temperature lo another temperature, also assumed and 
laied, or, wbtch aiuounts to the tame thing, how much beat 



■ Wehaddepositedin the OtBcF of die Inititnte, February 3, IBir, 
a first Umoir containing the principal retulti of our iniestigalioaji. 
VoL.XXXV.— No. 164. U they 



SPSCinC HEAT 9y GASBS. 

they give out in returning from iho higher to lbs lower of 
tlinie lenipetatures. We diil not neek ■□ deieriuiiie liie influ* 
cnce which is exeried u|idii the plienonienon by ihe ehaage of ' 
sjiecitic heat, determined in ihe ga^es by iheir dilatation cr con- 
itaciion, which lake place by digrussion or elevaiiun of lempe- 
laiure; a change, which il;eir great dilaiabiliry mmt render 
naore Miisible ihan iu other bcxlies, and of which M. Gajr 
Lusaac hns proved ihe exislenre. This depaitmeDt of enqutry 
could nut have be«n iitaile willi our apparatus but wilh eilcenis 
dilili cully. 

The means hiiherto employed for the detennination . wo 
fought, having all appeared liitble lo some objections, via 
determined to employ atiother, founded on the following consi- 

Ulusiupposo _- ..^n^fint and uniform source of heat, of 
which the action shall be tolally conlict:fJ lu the body A itisu- 
taled ill til? airi then this body will become gradtially heated, 
lo a point at whichj on accoont of il9 elevation of tempera- ■ 
lure, abore the autmuiiding air, it. will lose as mucli as it 
receives. At this point ihe temperature will become atatiotiary, ' 
if ihe temperature of i!ie air continues unvaried. On il.e oilier 
hand, it is a principle generally adiuiiied, and of which iha ; 
truth cannot be dispuied, particularly when small difference*- 
of lemperalure are concerned, that the differences of heat lo<i ;' 
at each instant by a body insulaied in the air, are proportional 
(o the eiccss of its temperature above tha! of the surrounding 
air. Now, since the body A, when once arrived at its maii;- 
mum, loses as much heat as it receives ; and ihat which it loses 
in a given lime is proportional to the excess of its tempctsluKe ' 
beyoi.d that of the surrounding air ; it moat he cotn;li(ded,, 
that when arrived at ibis point, ihe quantity of caloric which is , ^ 
communicated lo it by the source of Leal, in a given tkne, is , 
likewise propoiiional to the same excess. 

Let us now makes cylinder of ihin copper 15 centinieleri 
(5'8g inches) in height, and a (S'Uinches) in di.imeier. filled 
with distilled waier, and tiansversed by a worm pipe of more 
than 1 matre (3<}*3 inches) io length, forming a spiral of 8 



turns, tlie Iw.. exiremiilesnf which lerminate wilhon( a Eide the fl'j'l^i ^ ^ 

teawl, 01113 above, anil (he oilier below ; and if a regular i 

rerii of gtt, deijvereil at an iiniforro and elevared temperature, 

be pasii^d throush ilie pipe, Ihis current may be considered as a 

•ource of iinil'irm hent, and the cylinder as the body A, con- 

setiiieiiily, il' the s:ime experiment be repeated upon each of 

the gases, each current will raise the lemperacora to a Rxei 

point, where it will remain stalionary j and, upon- arrival at 

this point, it will follow, from the princiylea laid down, that 

the quaniity of heat communicated to ihe cylinder, in a given 

time, by each current, will be proportional \o the excess of 

that stationary temperature beyond that dif (he surrounding 



We shall, iherefiire, obtain, with great precision, hj* «t>lr Kewrence ol 
means, the eompararive specilic h.-«- wf^eai'h of the gases, ^^ 
which 03n ba EraTiJected to this mode of examination. There 1' 
will be two methods of afterwards comparing wilh them that of 
water. The first consists in submitting the cylinder we have 
here described, and sliail disiingnish by the name of calo- 
rimeier, loiheacilon of a current of water, regularly trans- 
mitted with a velocily so low, that it shall scarcely exceed, in 
its e^ct, that of the gases ; and the second method consists in 
dEierinining, by calculation, the real quantity of heat which 
the caloiimeler arrived at, its slaiionary temperature loses in a 
given lime. Fi r we have shewn, that, when arrived at this 
point, the heat which it loses in a given time, is equal to that 
which it receives from Ihe carient of gas in the same time, 

Itm^y be conceived, that, a long time would have been Meausofpi 
consumed in raising ihe temperature of the calorimeter througt 
the whole Interval up to the stationary point, by the mere effect m 
of ciirienl of heated gas ; and that the observ.ition of its heat- 
ing, during this lime, would have been of no value. We, 
iherelore, preferred lo elevate ils tcmperatuie, in the first 
instance, by a spirit lamp to a term which previous trials had 
shewn us to be near that at which the teniperalure would be 
stationary. It wai then left without the lamp, and exposed to 
the current of healed gas, and its augrilentatiun of temperature 
observed 
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Tlie v»Mel obierred for every ten minutei. But aotwilbatanding tbi'l 

till it* rate of precaution a ver; long time would have been required In produce 

cbaoKewaii ihe maxinium, and it would have been esLlremely d[lficnlt 10 

wpIi Dtmvr u ucertain when it had been really attained. We foond it more 

raikiliiimi cimveniem to slop ibe proceeding a« soon as, by the piogrcss of 

healing, we judged that only two or three lenihs of a degree 

wete wanting to arrive ai thai mniLiamm ; and then we elevated 

liie temperature of ihc calorimeter by the approach of an 

heated body, by a quantity rather greater than ihe maximum, 

at which period the calorimeter being left to it«elf, lost some of 

its temperature, notwiihgianding the current of gaa wa« con- 

tinued lo be poaaed through it. We ob'erved alw the progresi " 

of thi» refrigeration for every ten min^ii^'i, and we slopped tb« 

experiment as toon aa the retardation of the cooling indicated 

thai ibe caiorimen,. ™„ m the satne distance from the term, af 

Mliich its temperature would have Ijeen acaiicjimri', 3e itwasitT 

the preceding experiment. Taking, ihertfure, tlie meati' 

between ibe final observations, we obtain with accuracy thJ* 

term at which the temperature of ouf calorimeter would havtf 

been stationary, if the htating action of the gas had been cooi' 

linoed for a sufficiiail length of time. v 

TemprratnTc, The temperature of the calorimeter was determined by meBOi' 

mi-l'pr'hiiw'* "f^'bcrncmeter, with a cylindrical reservoir, nearly of the saintf 

obtained, kc. length as that of the calotimetei itself, in order to shew the 

mean temperature of all the strata of the water. Tiiis insttu- 

ment was sufficiently sensible lo indicate clearly 002 of a 

degree (centigrade.) We shall now proceed lo shew, what 

methods we pursued lo produce a constant current of gas, to 

give il an invariable temperature, to determine the teraperaluri 

of this current, on its entering and issuing out from the catori' 

meier, and lo apiHer.iaie the causes which are iiidepeiidenlly at 

this current, might raise the temperature of the calotiHieter. 
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A Trealite on new philosophical inatruments for varioui 
pmposea in ths arts and sciences, with t-xperimcntson light 
•D.l 'joloors. Ry David Brewster. L L. D, F. R.S.E, to. 
tx' \\ ' 427 pages with 12 copperplates. Edinburgh printed 
1&13, and sold also in London. 

The present ooiice wil) coQtain only a concise indication 
of the kubjects contaiced in this valuable treatise. They. 
all relate lo optics anJ the propenies of IJehf. ■- 1*^= foots, 
divided intu chap"""- ■ tub nrat book atfords descrip' ions of 
Ibe Common micrometer, and seveti new micromet-rs on 
di8\;renC piinciples ; v'lZ. the wires, divided object glass, 
luminous image, mother of peail, rotatory, eye-piece wire, 
and their applicaiions. Bonk II. Instiuinents tor measuriag 
angles when the eye is not at their Vertex. Book III. Instru- 
ments for measuring distances. Book IV. Instruments for view- 
mother for measuring the refraciive 
leihod of determining ibe refractive 
r instrument for mea^uting the disper- 
sive and, refractive powers of nolid and fluidnDbftances, with re> 
mark! on the irrationally of the coloured spaces in ditfereut 
mediums j new properties 'impressed upon light by transmission 
through diaphanous mediumi, and by its reflection from po- 
lished surfaces, &c. Book V. New telescopes and microscopes. 



ing objects oodet water ; 
powers of flu idt, with a 
powers of solids; anolher 



Esperimenijl Researches concerning the Philosophy of 
Permanent Colours, and the best nmans of producing (hem 
by dyeing, calico printing, &c. By Edward Bancroft, M. D. 
F. R.S. kc, in two vobtuct octavo, containing 102S pages. 



aniKTitfCifBin; 

twiiiles an intrnduciion of 33 pages, on the origin and progreai 
ol' dyeing and calico -printing, a preface of 18 pages, 
full itiilex of 33 pages, with lablcs of conlents to each volome, 
Liindon 1813. 

In llie year l,"g4, Dr. Eancrofi, who Ina l.een long known * 
and respected by phibsnphers and manufnciurers for his useful 
researches and discoveries, published his " Experiment*! 
Researches concerning the Phi :osophy of Permanent coloi 
&.e. in one volnnie, which has since become cKiremely scared 
The numerous advances made in chemisiry since thai lime have 
rendered it impr.iciicable lo composo a second volume and 
connect it with the forroer ; for which reason the author ba» 
lliought fit to compose a new and extended edition uf the 
"'■■"Ib. lie has generally ased the language of modem 
chemjsla; but uu^.,.. ,.. .|,e new metals of Sir H.Davy, as < 
being improperly clawpd along with denser ijikHl-si aJmaSj! 
Aenoled by that term, and while he doubts whether tba 
chlorine of that chemist be a simple or compound body, hft 
thinks Piieur's term of murigene would be preferable to 
chlorine if a new denofpination were required. He has" 
divided hia work into four parts. Part 1. Treats of the per* 
manent colours of natural bodies, their composition, iho? 
rarious colouring matters, and (hose colours which beine 
fixable by themselves he cnll.i substantive, Parts, Relates to 
colours which require a basis or m.irdanl, and ate by him , 
denominated adjective. He (reat« of all the several bodies 'm 
the animal and vegeta' le kingdoms, of this 
his third pari, and in Part IV he discusses the subject of com-. 
pound colours. 



Mr. W. Henley, Member of the London Philosophical- 
Society, is picjiaring fur the jiress, a serirs of chemical tables, 
which will exliiliif the proj'<rfif« ofaH the present litiown 
bodies, tlie reenliol their boi on, ihocompoaiiion of ihettii^esjj 
acids and their componrds, with the cfFcrisprodtci'd bj-'ilif 
action of heal, light and elecliitityj so i hat the whuk- Bbalf- 
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form a, complete abstract of the science of chemistry. Upon 
this I would remark that tabulated results, in every science, 
form^ the most useful compendiums as well from the relations 
of things exhibited by their orderly arrangement, as from the 
facility with which every required fact can be recurred to. 
Tables not only shew the fulness of a science but its defects and 
wants ; and from this last advantage the departments opeti for 
new researches are clearly seen. From the labours of this 
author, added to what has been done and 5s dqing by Dr. 
Thomson, we are intitled to expect great benefits in the acqui- 
ition and cultivation of chemical knowledge. 



Dr. Smith and Mr.' Sbwerby h«** <*ctciinified to finish 
their «c4eyr«tcct ^ork " English Botany," by a general 
index to the 3$ volotnes, which will be completed on the first 
of January, 1614. It is intended to arrange the names of the'' 
English plants contained in that work, which will amount to ' 
nearly 2600, in one part alphabefifcaily, and in another part' 
according to the Linnean system, with such improvements as 
have been received during its publication. When English 
botany is completed, Mr. Sowerby hopes lo be able to comply 
with the wishes of his numerous friends, in publishing his 
*' Mineral Conchology'* every month. The British and Entic 
minetalogy will, in all probability, b^ finished in the cdurse of 
the next year. * 



The learned author of the Theory of the Tides, which was 
concluded in this number, has favoured me with the following 
note : 

" I believe it is not commonly known, that the compass is 
cursorily mentioned as a familiar illustration by Dante, who 
wrote about the time at which it is supposed to have been in- 
troduced. Farad. Cant. 12. 

Si 



Si DKHie voce, che lagt alia slella 
Parei mi fece, in Tolgurmi al suo dove. 

A voice arose, harmoiiioas, smooth , and clear. 
Which fixeil me, like the needle lo (A« star, 
. 1 urned lo ibe fddiaat light U»t pouTiid it on taj ear. 



July, 1813. 



ion rf thtt I 



Captain Liikey hai at preis, a S^rientific description 
raritiei m .u.. r-.-aoifi-Eat collection, " The Huaterian Ma- 
leuni," now depositcil at the coueg.. -i- nUcsov. It it in- 
tended to coinpfise the raie, cutioui, and valuable aiticlei ia 
every deparlineut of art, science, and literature, which are 
contained in that great Repoutorf. This interesting woifcf 
is expected to appear early in July. ^ 



Dr, Marshall Hall, Royal InGrraary, Edinbui^h, is pre- 
paring a practical work on the physiognomy and attitude of 
patients, and on the symptoms and diagnosis of diseases. 

The whole of the work ii intended to bear on di^gnocl* 
as its principal and nltimate otjecl. 



INDEX. 



V.B3TR4CT of the EleraenU of 
Chrjalallo^aphy, by F, Accum, TS. 
cconut of Books, Sec. 78. 140. sig. 
K85. 

Aerolitej', or fall of stooes from tbe air. 
^.Qfaiervatious on, by Marcel de 
Serres, !38, 

American boy, Z. Colborn.— Remarki 
on Lis method of computation, by 9. 
Ellis, 9. Practical illiutralioQ), Ifi. 

A Memoir apon the limits of combus- 
tibility of Gaseous inBiiminable 
Mixtures, diminishing in density ; 

L and upon the colours of the £lectrl- 

, cal Spark in dilferent IMediuma, by 
M. Grottliiis, 30 

A mode of producing intense cold, by 

' M. H.B. 117. 

A memoir dq the specific heat of the 
gasei, by F. Dclarodie and Beracd, 
process, J81. 

An explanaiory stitement of the 
notions and principles upon nhich 
Ibe systematic arraD|emeat is foutld- 
cd, wliich nas adopted its a basil of 
an Essay on Chemical Nomenclature, 
by Professor Bcrzelios, 38. 45. im. 
159. 163. 
Vot. XXXV.— No, 1C4. 



Annotation by W. H. on Mr. Harmp'* 
description of the cansc ofthefignre 
of a man, formed in the ice at 

f Halnakar park, 83.— Ditto, by Sir 
George Cay ley, lfi7. 

A theory of the tides, including the 
coniideration of resistance, by E. F. 
G, H. 145 Theorems A. ibid. B. 
147. C. U9. D.154. E.1S7. F- 
ibid. G. ibid. H'. 159. I. ibid. 



B. 

Bain, N,,)!!! notice of a prize offered 
by the medical society at Edinbnrgh, 
for the best essay on thequeslion, 
" Whether azote be absorbed duruii; 
respiration f \76. 

Bancroft, Dr., on comman ink fur 
writing, 930 

Bertbe1,ChBptcl, and Biot, thsir report 
nponamcmoirof M. Bernard, relat- 
ing to the physical and chemical pro- 
perties of the different rays which 
compose the solar light, 35(1. 

Bernard, M., report upon his memoir 
on solar light, S50. 

Benelius, Profesior, his explanatory 
■tatementot the notions andpnoci* 
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pies upon which the systematic 

arrangement is founded, \/vhich was 

adoptc (I as the basis of an essay on 

chemical nomenclature, 38. Aiu 118. 

159. 163. 
Berzelioft, Professor, on the different 

coloured oxides of tin, 1S2. 124. 12^. 
' — , on the combinations of the 

oxides of tin with saline basics, 130. 
y on the combinations of tin 

with sulphur, I62r 
Birds of passage, remarks on summer, 

and on migration in general, by 

John Gooih, 199. 
Modittf deliquescence of, by M. Gay 

I«uaaac,57. 
Book*, account of, 78. 140. 216. 285. 
B. T. on the sensfition and perception 

Hf PliBtty 4ff. 
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Carbonate of soda, lately discovered in 
South America, by Amelico Cabcal 
de Mello, 48. 

Cayley, Sir George', his observations 
respecting the figure of a drowned 
man, formed on the ice at Halnakar 
park; and upon the explauations 
offered on that singular phenomenon, 
167: 

Carbonate, schible action of, in insolu- 
ble salts, by M. Diilcng, 274. 

Chemical examination of a variety of 
fossil natron, or native carbonate of 
soda, by A. C. de Mello, 48. 

Charcoal, quantities to be ob taint d 

" from different kinds of wood. By 
Count Rumford, 100. 

Circnmnavigatory voyages of Captain 
Lisiansky,73. 

Cloic, Wm.', on the means of causing his 



hydranlic apparatos to act with a. 

variable quantity of water, 210. 
Colburn, Zerah, remarks on bi» 

methods of computation. By Mr. S. 

Ellis, 9. 

, practical illustrations, 16. 
Colours of the electrical spark in 

different mediums. By M.Giottlius, 

30. 
Comet, observations on a second, with 
. remarks on its construction. By Dr. 

Herschel, 193. 
, the body, ib. 
, the chevelure, 195. 



., the tail, 196. 
., remarks, ib. 



Crystallography, elements of. By P. 

Accum, 75. 
Curwen, J. C. Esq.> on ^e method df 

steaming, or cooking^ food for 

cattle, 6S, Ditto, by Mr. Franklyn, 

70. 
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Description of a machine for reaping, 

as used by the Gauls, 170. Design, 

173. 
Delaroche and Berard, their memoir 
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